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ABSTRACT
This study focused on the clinical workflow evolutions when implementing the
health information technology (HIT). The study especially emphasized on administrating
medication when the electronic health record (EHR) systems were adopted at rural
healthcare facilities. Mixed-mode research methods, such as survey, observation, and
focus group, were used to investigate insightful interventions to compensate potential
errors during the medication administration process. Research data were collected from
three South Carolina small-scale rural hospitals over several clinical departments.
The major purposes of this study were two folds: (1) to assess medical staff’s
computer competency for the new IT system, and (2) to investigate potential errors in the
medication administration workflow while using the EHR system. First, a paper-based
computer skill survey was administered to rural healthcare facilities to identify specific
computer tasks which staff has difficulties in performing, to recognize the particular unit
which needs more IT support, and to identify the local computer experts in each unit.
Survey results showed that medical personnel was less confident in connecting to
peripheral equipment and computer troubleshooting activities. In addition, the more
experienced and older workforce in rural healthcare facilities had lower self-rated
abilities in using computers and less interest in leaning computers. This group personnel
played critical roles in potentially hindering the adoption of EHRs.
To investigate the changes of workflow while passing medications, direct
observations and focus groups were applied on five units across two rural hospitals. This
study modeled and described a detailed context-appropriate workflow of the medication
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administration process before and after implementing EHR systems. Comprehensive task
analysis techniques were used to document detailed work procedures and then it was
examined carefully for potential errors in each single task.
Study results provided comparisons of potential errors in pre- and post-EHR
system implementation and demonstrated the evolution of the workflow regarding the
medication administration process at the rural healthcare facilities. Twenty
recommendations for implementing the EHR system regarding environment,
organization, tasks, tools and person aspects were established to identify and improve
information technology specifications.
This study not only delivered a clear roadmap of how to assist small-scale rural
hospitals in evaluating healthcare personnel’s computer skills and modeling clinical
practices; but also provided a framework to describe a clinical procedure using systemengineering tools, and the results of the study had used to develop a series of
interventions for improvement.
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CHAPTER ONE
INTRODUCTION

1.1 Evolution of Work in Healthcare
The human factors engineering literature focusing on the interactions between
humans and systems (Sanders and McCormick, 1993; Wickens, Lee, Liu, and GordonBecker, 1998) has found that the complex interactions among operators, tools, tasks, and
the environment together with social factors play a significant role in how humans work.
As Figure 1.1 shows, the interactions between these factors are of critical importance for
achieving the intended goal of a particular mission. However, this environment is
dynamic, not static, meaning operators, protocols, and tools change as needed requiring
the sequence of operations, i.e. the workflow to evolve accordingly. As a result, research
has found that the workflow may involve compromises, compensations, and alternations
of varying degrees of impact during this evolution. However, certain industries such as
healthcare find it difficult to accommodate these changes without compromising their
effectiveness, a situation human factors engineering can address it offers various research
methodologies to design better workflow in such systems.
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Figure 1.1 A representative evolution of components for achieving a particular goal
Such applications of workflow to improve processes have found extensive use in
healthcare settings (Cendán and Good, 2006; Guite, Lang, McCartan, and Miller, 2006;
Harders, Malangoni, Weight, and Sidhu, 2006), resulting in changes in medical practices,
in the use of medical technological artifacts, in physical configurations, in patientcentered care trends, and in the communication and coordination within facilities. In fact,
it is difficult discussing these changes without referring to healthcare workflow
performance since it, like production systems, desires both cost-effectiveness and
efficiency. Similarly, in both safety is the first priority and one that cannot be
compromised. Therefore, any potential trade-off between efficiency and safety must be
addressed through the evolution of the workflow in healthcare settings to prevent
compromising it.
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1.2 Impacted of the Introduction of Technological Artifacts in Healthcare
The evolution of workflow in the healthcare field has been recently impacted by
Congress’s legislation mandating an electronic health record (EHR) for each person by
2014 to allow for more effective information exchange throughout this system. Funded
by a $19.2 billion stimulus package signed by President Obama in January 2009, it
provides bonuses to hospitals and clinics implementing such systems whose databases
meet information-exchange regulations (Department of Health and Human Services; 75
Fed. Reg. 144, 2010).
The transition from paper-based records to EHRs has already influenced the
qualitative evolution of healthcare workflow, the impact of which many medical
practitioners, facility managers, or stakeholders underestimate (Chan, Chung, Wong, and
Yang, 2006; Ghosh, Norton, and Skiba, 2006). As a result, the quality of care may be
affected, in part because of a lack of understanding of the meaningful use of EHRs. In
fact, this influence may occur even before the implementation of EHRs, in particular
when tools are being developed. While designing a new technology to suit user needs is
challenging, it also requires effort from these users to familiarize themselves with the
new interventions. In essence, this situation is related to the basic question raised by
Norman (2005): do “tools adapt to the people or people adapt to the tools?” The
transition may have more impact on those rural facilities with limited resources as these
small healthcare settings not only have fewer resources for investing in the most effective
technological options available but they also have less financial capability to customize
them to suit the needs of these small and remote practices.

3

1.3 Physical Configurations in Healthcare Settings
A second area impacted by the evolution of the workflow is the physical
configuration of the work area. In a systematic workflow, each component is linked to
the one before and the one after, meaning a change in one changes these as well.
Therefore, the existing physical layout may become a challenge in implementing a new
system in a facility. As hospitals begin using EHRs, they not only require a budget to
purchase the hardware but they also need to consider how to accommodate these new
devices within the existing facility layout and/or modify their workflow to adopt the new
configurations. For example, some facilities may want to install computers in patients’
rooms to facilitate the routine charting done by healthcare providers; however, due to the
existing layouts, it may difficult to find the additional space needed for a computer.
Furthermore, additional considerations accompany the implementation of a new system,
including hygiene issues, technical support for the new artifacts, alternative workflow,
and modified traffic flow.
This issue is further complicated by the different physical configurations and floor
layouts found among and within hospitals, resulting in issues if the same technological
artifact is incorporated in them. Accommodating this new artifact might require
modifying the layout or varying the technology. For example, an emergency department
(ED) might use a portable electronic documentation system because of its mobility in this
rapidly changing and chaotic environment while inpatient care units may need a
dedicated unit.
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Another consideration is the physical configuration of the examination area from
the perspective of the relationship between the patient and the medical professionals due
to the location of technological artifacts such as computers. For example, the medical
practitioners may spend more time looking at the EHR system on the computer monitor
rather than making eye contact with their patients, meaning the computer could
potentially hinder communication between the two. As a result, the location of the
artifacts may influence the quality of care in healthcare facilities.
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1.4 Role of Communication in Healthcare Settings
Communication is critical not only between patients and medical professionals
but it also plays an important role in the inter-staff relationships within these settings
(Coiera, 1996; Coiera and Tombs, 1998; Gosbee, 1998), another facet of the quality of
care that newly implemented technological artifacts may potentially impact. The staff in
different units within the facility may use such technological artifacts as Computerized
Provider Order Entry (CPOE) and EHRs (Agrawal, 2009; Blavin, Buntin, and Friedman,
2010; Hysong et al., 2009; Makoul, Curry, and Tang, 2001; Maxson, Buntin, and
Mostashari, 2010) to exchange information, provide services, and collaborate between
medical professionals.
However, some of these technological artifacts may not accurately and fully
support the workflow based on staff preferences or the culture of the facility. For
example, a radiology system that automatically pages the emergency physician that a
patient’s test results or medical image are ready may not be aware that a change in shift
has occurred, meaning that the physician receiving this information is not the same one
who ordered the test (Fairbanks, Guarrera, Bisantz, Venturino, and Westesson, 2010).
Effective communication has the potential to connect all the components in the
healthcare system to aid practitioners in providing an efficient and safe service. Thus, it
plays a critical role in compensating for the limitations and issues between the workflow
and the physical configuration in healthcare settings. The ultimate goal of this
collaboration is to improve both the quality of the work and the performance of the staff
while simultaneously decreasing the workload.
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1.5 Focus of this Work
The purpose of the research reported here was to investigate the evolution of the
workflow of medical professionals while implementing EHRs in rural healthcare
facilities. Its specific objectives were to (1) document the current medication
administration process of medical professionals, (2) explore the potential impact of
implementing an EHR system, (3) provide macro to micro EHR system preparation
guidelines for small-scale rural hospitals (4) suggest relevant communication strategies to
address the areas of concern in the workflow, and (5) improve collaboration within
healthcare settings.
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1.6 Organization of this Work
To fulfill these goals, Chapter 1 introduces the important issues in the field of
Human Factors and work evolution in healthcare settings. It also provides an overview of
the research framework. In addition, the specific research focus and topics are addressed
in this chapter.
Chapter 2 presents a comprehensive literature review of the evolution of
healthcare, focusing on the purpose and meaningful use of EHRs in healthcare settings.
Its goals are to provide a systematic review of the current state of EHR system adoption
and to identify barriers to its implementation in the healthcare sector. This chapter
discusses the impact of EHR implementation in light of inconsistent IT skills in care
providers and the various physical configurations of facilities and units.
The next three chapters address the topics of workflow evolution in healthcare
settings, namely (1) the assessment of the computer competency level of the medical
staff, (2) the investigation of context-appropriate medication administration process in
rural healthcare facilities, and (3) the impact of EHRs on medical practice workflow, in
particular the medication administration process.
More specifically, Chapter 3 reports the results from a computer skills survey
administered to three rural hospitals in South Carolina for the purpose of (1) identifying
the specific computer tasks that staff have difficulty performing; (2) analyzing the
relationships between computer competency and respondent demographic information;
(3) identifying the local computer experts within the facility who can support others
when they have information technology (IT) problems; and (4) determining if the facility
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of one of its units requires additional IT support. The results from this study can provide
aid policy makers in the development of computer training programs for healthcare
personnel.
Chapter 4 presents the findings from an observational study of the medication
administration workflow in three South Carolina rural hospitals currently making the
transition from conventional paper-based medical administration records to electronicbased ones. This chapter also documents the current medication administration workflow,
including its challenges.
Based on the results of this observational study, Chapter 5 presents findings from
the follow-up focus groups and interviews for developing an improved medication
administration process in the three rural hospitals. This chapter also provides contextappropriate recommendations for implementing the innovative EHR system in these rural
healthcare facilities. In addition, comparisons between the medication administration
workflow for paper-based and electronic-based processes are included to demonstrate the
advantages and weaknesses of each.
Chapter 6 provides conclusions and the future research needed to redesign the
workflow in healthcare settings. It also presents recommendations for improving
healthcare workflow via various communication strategies, combinations of
communication modalities, and the use of technological artifacts.
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CHAPTER TWO
LITERATURE REVIEW

2.1 Electronic Health Records
2.1.1 Technological Artifacts
An artifact is considered as a tool made and used by human operators to achieve a
particular mission. The Merriam-Webster dictionary defines it as something created by
humans usually for a practical purpose. Since human operators make artifacts, the
artifacts have evolved accordingly to the needs and demands required by human
themselves. The most familiar transition in human lives has been the evolution of manual
artifacts to technological ones. For example, computer users arrange or organize files on
the “desktop” of a computer. It presents functionality from the manual real world through
a similar metaphor to a technological artifact – a computer (Wickens, Gordon, and Liu,
2004). Analogous to the healthcare settings, EHRs are currently evolving from the
conventional paper-based work process, altering the inherent clinical workflow.
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2.1.2 Functions of Electronic Health Records
Health records or medical records are used to communicate patients’ health status
among medical providers within the healthcare settings. The purpose of health records
can be summarized as (Harvey, Schuster, Francis, Matthews, and Surabattula, 2006;
Linder, Ma, Bates, Middleton, and Stafford, 2007; Simon et al., 2007):


To communicate client health information between care providers or institutions



To facilitate quality assurance



To facilitate research from the archived medical record



To demonstrate nurse accountability
An electronic medical record (EMR) or EHR is an electronic alternative to storing

information about an individual's lifetime health status and healthcare records. The
unique characteristic of the EHR is that in the EHR system, it is easier to exchange a
patient’s information electronically, to provide links between knowledge sources for
decision support, to provide data for outcomes research, and to improve management of
health care delivery (IOM, 1997, 2003). The Institute of Medicine (IOM) (Blumenthal
and Glaser, 2007; IOM, 2003) summarized several benefits for the implementation of
EHR systems by replacing traditional paper documentation in the health care delivery.
Those benefits include:
(1) EHRs can provide a convenient mean to reduce information exchange time
(2) EHRs can reduce the cost of documentation and storage
(3) EHRs can link from displayed information to pertinent literature
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(4) EHRs can provide alerts, reminders, and suggestions to care providers when
standards of care are not being met
(5) EHRs can be used to establish the population database for clinical and
epidemiological research and quality measures
In addition, the Agency for Healthcare Research and Quality (AHRQ) has
summarized four primary functions of EHRs to demonstrate how such innovative
technological artifacts support general clinical practices: memory aid, computational aid,
decision support aid, and collaboration aid (Armijo, McDonnell, and Werner, 2009). For
memory aid, the EHRs would help care providers reduce the need to rely on memorizing
information to complete a task. Computational aid would help care providers to reduce
their mental workload while comparing or analyzing a patient’s status. Decision support
aid would help care providers make clinical decisions based on the archived evidence
dataset. For example, a Computerized Physician Order Entry (CPOE) can be used to
prevent medication errors in practice (Agrawal, 2009; Ash, Lyman, Carpenter, and
Fournier, 2001). Moreover, for collaboration aid, EHRs can enhance the ability of
information exchange between care providers. Table 2.1 provides some empirical clinical
tasks to demonstrate how these four functions of EHRs support healthcare tasks.
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Decision Support

Collaboration

Determines appropriate
provider/ location
Dose calculation
Prompts/automatic
population

Reveres previous
services/ results
Medication history.
Allergies, formulary
Diagnosis and treatment
codes

Prescribe
medication

Document
visits

Displays trends,
reference ranges

Relates assessments to
patient’s health history
Applies standards of care
based on patient’s
characteristics

Computes statistics

Coordinates across
multiple providers

Patient education,
coordination with
multiple providers

Patient instructions, side
effects, and warnings

Interactions,
contraindications.
Effectiveness
Insurance guidelines

Creates referrals,
facilitate provider
communication

Patient summary
educational tools

Alignment with insurance
requirements

Evidence-based care
adjusted by patient’s
characteristics

Support based on outside
Staff views/ instructions
research/recommendations

Action-oriented clinical
reminders

Provides contextual view Recommends care based
Incorporates information
of overall patient’s health on patient’s characteristics from outside sources

Computation

Prompts for required
information

Shows available history
and demographics

Memory

Standards of care. Care
plans, evidence-based
guidelines

Review
patient
history
Conduct
patient
assessments
Determine
clinical
decisions
Develop
treatment
plans
Order
additional
services

Table 2.1 EHR support expected tasks in four functional aspects (Armijo, et al., 2009)

2.2 Implementing Electronic Health Records
2.2.1 Adoption of Electronic Health Records
With the aforementioned benefits and functions of EHRs in mind, the US
legislation envisioned a utilization of an EHR system for each person by 2014
(Blumenthal, 2009, 2010) to provide effective information exchange in the healthcare
system. Congress passed a $29 billion stimulus package – the Heath Information
Technology for Economic and Clinical Health (HITECH) Act – that President Obama
signed into law in January 2009 to incentivize medical practice over 10 years to adopt
and implement an EHR system (Blumenthal, 2011b). Physicians who implement the
EHR system could receive bonus payments, as long as the database meets informationexchanges regulations (Blavin, Buntin, and Friedman, 2010; Blumenthal and Tavenner,
2010; Murphy, 2010). In such databases, race and ethnicity are the required minimum
information to be included, and the EHRs will be used for public health, medical and
clinical research. On the other hand, physicians who do not implement the EHR system
will expect a decline in Medicare and Medicaid reimbursement by a few percent in 2015
(Blumenthal, 2009, 2010).
To assess and evaluate the EHR adoptions better, a survey was conducted in 2007
to investigate physicians’ adoption of outpatient EHRs. The results showed that only 4%
of physicians in the US have a fully functional EHR system and that more than 60% of
physicians are not aware or have no plan to implement the EHR system in their practices
(DesRoches et al., 2008). Another nationwide survey was conducted in 2008 showing
that only 1.5% of healthcare facilities have a comprehensive EHR system, and that 7.6%
of healthcare facilities have a system with electronic functionalities in at least one clinical
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unit (Jha, DesRoches, Campbell, et al., 2009). In fact, a comprehensive EHR system for a
healthcare practice should consist of four major components: clinical documentation, test
imaging results, computerized provider-order entry, and decision support (DesRoches, et
al., 2008; Jha, DesRoches, Campbell, et al., 2009). Table 2.2 shows details of these
components for four major categories.

Table 2.2 Comprehensive components in the EHRs system (Jha, DesRoches, Campbell,
et al., 2009).
Clinical
Documentation

Test Imaging
Results

Demographics
Physicians’ notes
Nursing assessments
Problem lists
Medication lists
Discharge summaries
Advanced directives

Laboratory reports
Radiologic reports
Radiologic images
Diagnostic-test results
Diagnostic-test images
Consultant reports

Computerized
Provider-Order
Entry
Laboratory tests
Radiologic tests
Medications
Consultation requests
Nursing orders

Decision Support
Clinical guidelines
Clinical reminders
Drug-allergy alerts
Drug-drug interaction alerts
Drug-laboratory interaction
Drug-dose support

For the clinical documentation section, it not only includes patient’s demographic
information, but also record physicians’ notes and nurses’ assessments in this section.
Diagnosis lists, medication lists, patient’s discharge summaries and other advanced
directives are also belong to the category of clinical documentation (Jha, DesRoches,
Campbell, et al., 2009). The category of test imaging results represents that all patients’
test reports, images, and diagnosis results from laboratory, department radiology or other
support units should be stored securely and can be provided promptly once needed in the
electronic manners (DesRoches, et al., 2008). The function of CPOE means that the of
EHR system should provide a comprehensive function to let care providers to order a
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patient’s medications, tests, consultation requests, or nursing orders over a computer
network, thus communicating and coordinating healthcare practices (Bates et al., 1998).
For the function of decision support, the EHRs system should not only provide the
awareness of patients’ medication interaction or allergy alerts timely during the practice
but it also should provide the proper clinical guidelines and reminders to support the
clinical diagnoses (Garg et al., 2005).
The Healthcare information Management System Society (HIMSS) has developed
an eight-stage EHR adoption model to depict the progress of EHR implementation for
healthcare sectors (Garets and Davis, 2006). The model identifies a healthcare provider’s
EHR capabilities, ranging from limited ancillary department systems to a fully paperless
clinical practice environment.
Stage 0 of the model says the three ancillaries - laboratory, pharmacy and
radiology departments - do not install any information systems. Stage 1 states to that all
three ancillaries install some kind of information system. Stage 2 is defined as the major
ancillary clinical systems can provide data to a clinical data repository (CDR) from which
care providers are able to retrieve and review clinical results. However, there should be a
clinical decision support system (CDSS) for basic clinical conflict checking in this stage.
In stage 3, facilities should have a clinical documentation system installed, and
the CDSS should be able to perform conflict checking, such as drug/drug, drug/food, and
drug/laboratory conflict checks. Furthermore, medical images need to be able to be
exchanged via the internal secure network among departments or providers in this stage.
In stage 4, the CPOE and the second level of CDSS should be implemented. A closed
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loop medication administration environment should be implemented in stage 5. In stage
6, a full physician documentation system, a picture archival computer system (PACS),
and a CDSS should be implemented. The last stage states to that all clinical information
can be shared and exchanged electronically within a regional health network.
Table 2.3 shows details of each stage. Recent data from HIMSS shows that 41.3%
of hospitals are in stage 3, and only 1.8% of hospitals have achieved the final stage.
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14.2%
41.3%
11.2%
4.8%
7.4%

Computerized Physician Order Entry (CPOE)
CDSS (clinical protocols)
Clinical documentation (flow sheets); CDSS (error checking);
PACS is available outside Radiology
Clinical Data Repository (CDR), Controlled Medical Vocabulary (CMV), CDSS
inference engine may have document imaging
Three ancillaries installed some clinical automations
All three ancillaries (laboratory, pharmacy, and radiology) have not installed any
clinical automations

Stage 4

Stage 3

Stage 2

Stage 1

Stage 0

3rd Quarter, 2012; N = 5319.

12.0%

7.3%

1.8%

% of Hospitals

Closed loop medication administration

Cumulative Capabilities
Medical record is fully electronic; Care Delivery Organization (CDO) is able to
contribute to Integrated Care Electronic Health Record (ICEHR) as the byproduct of
Shared EHR (SEHR)
Physician documentation (structured templates); Full Clinical Decision Support
System (CDSS) (variance and compliance);
Full Picture Archival Computer System (PACS)

Stage 5

Stage 6

Stage 7

Stage

Table 2.3 An eight-stage EHR adoption model from the HIMSS (HIMSS Analytics, 2012)

The HIMSS possess the most comprehensive national source of hospital
information technology adoption data, which are primarily collected from multiple
hospital health systems managements or chief information officers. The HIMSS’s
database shows the electronic medical record adoption model (EMRAM) score for
benchmarking hospitals’ progress in completing the eight stages to creating a paperless
clinical practice environment. McCullough and his colleagues (2010) used HIMSS’s
EMRAM score to demonstrate that critical access hospitals (CAH) are significantly less
likely than other healthcare facilities to have adopted an EHR system. Table 2.4 shows
the EMRAM scores by nine hospital types in the third quarter of 2012 in the US. The
academic/teaching hospitals had the highest mean score of 4.21 compared with the lowest
score of 2.39 for critical access hospitals (HIMSS Analytics, 2012).

Table 2.4 EMRAM scores by the hospital type in the US in 3rd Quarter, 2012 (HIMSS
Analytics, 2012)
Hospital Type Segment
Academic/Teaching
Non Academic
General Medical/ Surgical
Others
Rural
Urban
Integrated health care delivery system (IDS)
Independent Hospital
Critical Access Hospital (CAH)
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Mean
4.47
3.36
3.69
2.97
2.68
3.61
3.56
2.13
2.70

Number
206
5096
3169
2134
1176
4127
3347
1956
1335

In addition, based on the bed size of the hospital, Table 2.5 shows the scores for
the eight-stage EMRAM in the third quarter of 2012 in the US. In general, hospitals with
fewer beds have a lower score in EHR system adoption progress. Hospital with less than
100 beds had the lowest mean score of 2.91 compared with the highest score of 4.45 for
hospitals with more than 600 beds (HIMSS Analytics, 2012).

Table 2.5 EMRAM scores by the bed size in the US in 3rd Quarter, 2012 (HIMSS
Analytics, 2012)
Bed Segment
< 100 Beds
101-200 Beds
201-300 Beds
301-400 Beds
401-500 Beds
501-600 Beds
> 600 Beds

Mean
2.91
3.62
4.01
4.05
4.11
4.40
4.45
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Number
2767
967
616
398
217
148
190

2.2.2 Barriers to Implementing EHRs
Prior to the government’s incentive stimulus package to implement EHRs in the
healthcare sectors, the progress of adopting EHRs in the US was slow due to unexpected
complex obstacles and barriers (Ash and Bates, 2005). Therefore, further research is
needed to monitor the progress of adopting EHRs continually in US hospitals, and
intervention should be provided to eliminate these barriers for adopting EHRs.
Clayton (2005) reported two barriers that contribute to the slow implementation
of the EHR system in the US. According to the study, one major obstacle is hospitals’
lack of institutional commitment and comprehensive plans. For the institutional
commitment issue, many healthcare institutions cannot afford EHRs because they are
losing money or have insufficient practice to implement expensive systems (DesRoches,
et al., 2008; Jha, DesRoches, Shields, et al., 2009; Rao et al., 2011). In addition,
evaluating a return of investment of technological artifacts always depends on the care
providers rather than on the patients. Therefore, smaller practices that have a lower EHR
adoption rate are highly correlated to their limited financial resources and the
administrative capacity. Fortunately, the incentives from the HITECH Act could
potentially remedy such economic barriers to adoption of the EHR system.
Another barrier is that the hospitals lack comprehensive plans to implement the
EHRs. To adopt an EHR system, a team has to be not only is familiar with clinical
practice and project management, but also have practical experience and a long-term
strategy vision for choosing the system (Clayton, 2005). Thus, to implement the EHR
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system, one should evaluate comprehensively all components in the facility from diverse
units, workforce, billings, and financial systems.
To assess and evaluate EHR implementation obstacles better, a survey was
conducted nationwide in 2005. Table 2.6 lists the summarized survey results regarding
barriers for implementing EHRs in practice with EHRs or without EHRs. The survey was
based on a five-point scale ranging from 1 (the implementation is straightforward) to 5
(the implementation is very difficult). The results showed that the most difficult barrier
for the practice with EHR implementation was “lack of support from practice
physicians”. In contrast, the most difficult barrier for practices without EHRs is the
capital and financial issues (Gans, Kralewski, Hammons, and Dowd, 2005); it is the
second most difficult barrier for practices with EHRs.
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C
P
W
W
W
C
P
P
W
P
P
-

Lack of capital resources to invest in an EHR

Concern about physicians’ ability to input into the EHR

Concern about loss of productivity during transition to EHR

Inability to easily input historic medical record data into EHR

Available EHR software does not meet the practice’s needs

Insufficient return on the investment from the EHRs system

Lack of support from practice clinical staff

Insufficient time to select, contract, install, implement EHR

Lack of support from practice non-physician providers

Inability to integrate EHR with practice billing/claims system

Practice staff does not have skills or training to use EHR

Inability to evaluate, compare, and select appropriate EHR

Lack of support from practice administration

Security and privacy concerns

2.31

2.43

2.60

2.65

2.67

2.68

2.70

2.73

2.74

2.77

2.97

3.04

3.18

3.31

15

14

13

12

11

10

9

8

7

6

5

4

3

2

Practices
Rank
with EHRs
3.32
1

C: capital-related barriers; P: people-related barriers; W: workflow-related barriers

P

Category

Lack of support from practice physicians

Barriers

Table 2.6 Mean rating of barriers for implementing EHRs in clinical practice (Gans, et al., 2005)

2.34

2.06

2.86

2.62

2.90

2.31

2.88

2.43

3.15

2.81

3.24

3.24

3.40

3.58

13

15

9

11

7

14

8

12

5

10

3

3

2

1

Practice
Rank
without EHRs
3.15
5

After carefully examining the survey results in Table 2.6, it is suggested that the
first and third barriers to prevent implementation of EHRs are all physician (peoplerelated barriers) related, as shown in “Lack of support from practice physicians” and
“Concern about physicians’ ability to input into the EHR”. Moreover, the fourth and fifth
barriers are workflow related, such as “concern about loss of productivity during
transition to EHR” (“Concern about loss of productivity during transition to EHR” and
“inability to easily input historic medical record data into EHR”).
Similar results were found in the category of practices without EHRs. Followed
by the capital and financial related issues (“Lack of capital resources to invest in an
EHR”) as the first barrier for the implementation of EHRs, people-related barriers
(“Concern about physicians’ ability to input into the EHR”) and workflow-related
barriers (“Concern about loss of productivity during transition to EHR” and “Inability to
easily input historic medical record data into EHR”) are the most concerning ones.
Another similar survey was designed particularly for physicians in ambulatory
care systems to investigate the barriers of adopting EHRs (DesRoches, et al., 2008). Two
thousand, seven hundred and fifty-eight physicians participated in the survey, but doctors
working in federally owned facilities were excluded. Table 2.7 summarizes the results
from this survey.
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W
W
C
W
P
C
-

Finding an EHR system to meet needs

Concern about loss of productivity during transition

Uncertainty about return on investment

Concern that system will become obsolete

Resistance from physicians

Capacity to select, contract, install, and implement

Concern about inappropriate disclosure of patient information

Concern about illegal record tampering

Concern about physicians’ legal liability

Concern about the legality of accepting EHRs from hospital

7%

11%

14%

14%

26%

27%

27%

33%

35%

38%

11

10

9

8

7

6

5

4

3

2

Practices
Rank
with EHRs
47%
1

C: capital-related barriers; P: people-related barriers; W: workflow-related barriers

C

Category

Amount of capital needed

Barriers

Table 2.7 2008 survey results of barriers for implementing EHRs (DesRoches, et al., 2008)

11%

14%

18%

17%

39%

29%

44%

50%

41%

54%

11

10

8

9

6

7

4

3

5

2

Practice
Rank
without EHRs
66%
1

In Table 2.7, the 2008 survey results showed that the capital and finance needed
(“Amount of capital needed”) were still the most difficult barriers for the
implementations of EHRs, regardless of practices with or without EHRs. Interestingly,
“workflow related barriers” (“Finding an EHR system to meet needs” and “Concern
about loss of productivity during transition”) were ranked higher than “physician related
barriers,” compared with the previous survey in the category of practice with EHRs in
Table 2.6.
Similar results are found in the category of practice without EHRs. Excluding the
capital-related barriers (“Amount of capital needed “and “Uncertainty about return on
investment”), “workflow-related barriers” (“Finding an EHR system to meet needs” and
“Concern that system will become obsolete) were ranked higher than people-related
barriers, compared with the previous survey in the category of practice without EHRs in
Table 2.6.
Taking these observations together, cost and financial issues are preventing EHR
system implementation. In addition, DesRoaches’ study (2008) also showed that the size
of the practices had a significant influence on the adoption of EHRs, suggesting that the
smaller practices are implementing EHR systems at a slower rate than larger practices.
Studies also showed that nearly half of practices with five or fewer full-time-equivalent
physicians currently do not have EHRs (Burt, Hing, and Woodwell, 2006; Gans, et al.,
2005). Similar results were also found in other related studies (Hing, Burt, and
Woodwell, 2007; Schoen et al., 2006).
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Beside these survey studies, Boris (2010) presented a vivid story to highlight
serious barriers of using the EHR system in a cardiology clinic. The study showed the
challenges not only included the large expenditures of money but also involved time and
effort for care providers to adapt to the EHR system. Communication gaps existed
between the EHR system designers and the front-line care providers (users). These gaps
were mainly due to the rapid shifting of current workflow, costing care providers, and
medical personnel requiring more time to be familiar with the complex EHRs
documentation.
Dr. Blumenthal, who served as national coordinator for health information
technology until April 2011, addressed the other barriers besides economic issues to
apportion of EHRs. As a respectful health IT policy maker, Dr. Blumenthal emphasized
few concerns: (1) insufficient information technology professionals play significant roles
in supporting the adoption of EHR systems in healthcare sectors; (2) it is uncertain that a
EHR system is able to meet the criteria of facilities’ logistical needs; (3) the difficulty of
health information exchange; and (4) privacy and security issues which are caused by the
dissemination of health information. (Blumenthal, 2011a, 2011b).
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2.2.3 The Meaningful Use of EHRs
Despite the HITECH Act stimulus package potentially resolving the financial
concerns for implementing an EHR system, the Department of Health and Human
Service (DHHS) released a series of guidance for practices to meet the criteria of the
Medicare and Medicaid EHR incentive programs. In addition, the guidance clearly
indicated that the incentive would be provided not just for the EHR adoption, but also for
the “meaningful use” of EHRs. The aims to promote the meaningful use of EHRs are to
improve the healthcare quality, efficiency, and safety in patient-centered, evidence-based,
and prevention-orientated manners (75 Fed. Reg. 144, 2010). The main purpose of
releasing meaningful use regulations of EHRs is to prevent the healthcare institutions or
care providers from receiving the funds and buying EHRs but never using them
effectively. Thus, the HITECH Act initiatives depicted the pathway to an improved
quality of care within healthcare settings via the meaningful use of EHRs. Figure 2.1
shows the framework of meaningful use of EHRs.
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Figure 2.1 The HITECH Act’s framework for the meaningful use of EHRs (Blumenthal,
2010)

31

Figure 2.1 shows that the meaningful uses of EHRs are motivated by the
Medicare and Medicaid incentives and penalties to increase the adoption of EHRs and the
effective health information exchange. In addition, it is expected that the meaningful use
of EHRs would improve population health outcome, clinical research, and quality and
efficiency of care.
The notice of proposed rule-making (NPRM) defined the initial meaningful use of
EHRs criteria as stage 1, and an additional two updates for comprehensive meaningful
use of EHRs are anticipated. The main concept of the stage 1 meaningful use of EHRs
can be summarized into three main broad applications: electronic prescribing, health
information exchange and automated reporting of quality performance (Blumenthal,
2010; Blumenthal and Tavenner, 2010; A. K. Jha, 2010; Ollapally, 2010). According to
the NPRM statement, there is no regulatory provision for stage 2 and stage 3. The plan is
to build upon stage 1 by increasing the expectations of the functionalities in stage 1 and
adding new objectives for the following stages. The expected updates of stage 2 for the
meaningful use of EHRs will be announced by the end of 2011, and the stage 3 criteria
will be revealed by the end of 2013 (75 Fed. Reg. 144, 2010).
Tables 2.8 and Table 2.9 show the summarized objectives of the stage 1
meaningful use of EHRs and the corresponding measures (Blumenthal and Tavenner,
2010; Boland, 2010; Centers for Medicare and Medicaid Services, 2011). According to
the final regulations from the Centers for Medicare and Medicaid Services (CMS), the
objectives of the meaningful uses of EHRs can be divided into two categories: a set of 15
core objectives (Table 2.8), and a 12-menu set of objectives (Table 2.9).
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To achieve the meaningful use of EHRs in stage 1, hospitals or practices are
required to achieve the measures of all essential 15 core objectives in Table 2.8, and to
satisfy 5 additional measures in Table 2.9. There are eight common menu sets of
objectives for the hospitals and clinicians, and additional two optional items for hospitals
and clinicians, respectively, as shown in Table 2.9
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Provide clinical summaries for each office visit, and an electronic
copy of hospital discharge instructions on request

Implement capability to exchange clinical information among
providers and patient-authorized entities electronically

14

15

13

Implement one clinical decision support rule and ability to track
compliance with the rule
Report clinical quality measures to Centers for Medicare and
Medicaid Services (CMS) or states

Ability to protect privacy and security of patient data in the EHR

11

12

Implement drug-drug and drug-allergy interaction checks

10

On request, provide an electronic copy of health information

7

CPOE for medication orders

Record smoking status for patients (≥13 years old)

6

9

Maintain up-to-date problem list of current and active diagnoses
Maintain active medication list
Maintain active medication allergy list

3
4
5

Generate and transmit permissible prescriptions electronically

Record vital signs and chart changes (e.g., blood pressure, or BMI)

2

8

Record patient demographics

1

Core objectives for meaningful use of EHRs

Measure

For 2011, provide aggregate numerator and denominator through
attestation; for 2012, electronically submit measures
Clinical summaries provided to patients for over 50% of all office visits
within 3 business days; over 50% of all patients who are discharged from
the inpatient department or emergency department of an eligible hospital
or critical access hospital and who request an electronic copy of their
discharge instructions are provided with it
Perform at least one test of EHR’s capacity to electronically to exchange
information

One clinical decision support rule implemented

Over 50% of patient’s demographic data recorded as structured data
Over 50% of patients 2 years of age or older have height, weight, and
blood pressure recorded as structured data
Over 80% of patients have at least one entry recorded as structured data
Over 80% of patients have at least one entry recorded as structured data
Over 80% of patients have at least one entry recorded as structured data
Over 50% of patients 13 years of age or older have smoking status
recorded as structured data
Over 50% of requesting patients receive electronic copy within 3
business days
Over 40% are transmitted electronically using certified EHR technology
Over 30% of patients with at least one medication in their medication list
have at least one medication ordered through CPOE
Functionality is enabled for these checks for the entire reporting period
Conduct or review a security risk analysis, implement security updates as
necessary, and correct identified security deficiencies

Table 2.8 Summary of core objective and measures for meaningful use of EHRs
(Blumenthal and Tavenner, 2010; Centers for Medicare and Medicaid Services, 2011)
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10

9

Submit electronic data on reportable laboratory results to public
health agencies

10

Send reminders to patients (per patient preference) for preventive
and follow-up care
Provide patients with timely electronic access to their health
Information (e.g., laboratory results or medication lists)

Additional choices for clinicians

Record advance directives for patients 65 years of age or older

Additional choices for hospitals

Provide summary of care record for patients referred or transitioned
to another setting
Submit electronic syndromic surveillance data to public health
agencies
Patient condition data base to use for quality improvement,
reduction of disparities, research, or outreach
Use EHR to identify patient-specific education resources and
provide those to the patient as appropriate
Submit electronic immunization data to immunization registries or
immunization information systems

9

8

7

6

5

4

Perform medication reconciliation between care settings

Incorporate clinical laboratory test results into EHRs as structured
data

2

3

Implement drug formulary checks

1

Menu set of objectives for meaningful use of EHRs

Measure

Over 20% of patients 65 years of age or older or 5 years of age or
younger are sent appropriate reminders
Over 10% of patients are provided electronic access to information
within 4 days of its being updated in the EHR

Over 50% of patients 65 years of age or older have an indication of an
advance-directive status recorded
Perform at least one test of data submission and follow-up submission
(where public health agencies can accept electronic data)

Perform at least one test of data submission and follow-up submission
(where registries can accept electronic submissions)

Over 10% of patients are provided patient-specific education resources

Generate at least one listing of patients with a specific condition

Drug formulary check system is implemented and has access to at least
one internal or external drug formulary for the entire reporting period
Over 40% of clinical laboratory test results whose results are in positive/
negative or numerical format are incorporated into EHRs as structured
data
Medication reconciliation is performed for over 50% of transitions of
care
Summary of care record is provided for over 50% of patient transitions or
referrals
Perform at least one test of data submission and follow-up submission
(where registries can accept electronic submissions)

Table 2.9 Summary of menu set of objective and measures for meaningful use of EHRs
(Blumenthal and Tavenner, 2010; Centers for Medicare and Medicaid Services, 2011)

2.3 Effect of Electronic Health Records on Workflow
The conventional workflow in the caring processes usually centered on the
structure or required clinic paperwork. The impacts of an alternative workflow would be
caused by a transition from a paper-based clinical workflow to an electronic-based one.
These impacts may not only cause uncertainties about the adoption of EHRs in the
healthcare settings (Poon et al., 2006; Rosenbloom, Grande, Geissbuhler, and Miller,
2004; Saleem et al., 2005), but also alter or disturb routine workflow, such as increasing
the administrative workload of care providers and prolonging the caring time
(Christensen and Grimsmo, 2008; Hollingworth et al., 2007; Lo et al., 2007; Lorenzi,
Kouroubali, Detmer, and Bloomrosen, 2009; Moody, Slocumb, Berg, and Jackson, 2004;
Rahimi, Timpka, Vimarlund, Uppugunduri, and Svensson, 2009). A study has shown that
nurses spent longer time on documenting cares and recoding diagnoses and testing results
due to the implementation of an EHR system (Ward, Vartak, Schwichtenberg, and
Wakefield, 2011).
The purposes of using EHRs are to provide cares in quality, safety, and efficiency
in the healthcare settings (Chaudhry et al., 2006). Therefore, reducing documentation
time or simplifying the workflow of care should be an expected benefit of using EHRs.
However, based on a systematic review study examining the time efficiency of care with
EHR implementation, the results indicated the goal of reducing documentation time
during the workflow is not likely to be recognized (Poissant, Pereira, Tamblyn, and
Kawasumi, 2005). Instead, the time would be saved in accessing patient charts or
maintaining a patient’s report. These features are recognized more at the post-care
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phases. (Bates, Boyle, and Teich, 1994; Tierney, Miller, Overhage, and McDonald,
1993).
An example to elucidate on the effects of an altered workflow due to the usage of
a technological artifact can be observed via a medication administration process in the
healthcare settings. A technological artifact - barcoding verification system for
medication administration is used and expected largely to reduce the medication
misadministration. In fact, the system increases caring time on the medication
administration process, and workload for care providers (Patterson, Cook, and Render,
2002; Patterson, Rogers, Chapman, and Render, 2006). Such technological artifacts will
not reach the expected performance since the barcoding system is not designed
specifically to support the actual medication administration process (Fairbanks and
Bisantz, 2011).
The altered workflow somehow suppresses the potential benefits brought from
the implementation of EHRs. A systematic review study has confirmed that the adoption
of EHRs on patients outcomes and quality of care were not conclusive due to the lack of
knowledge of the impacts on social, cultural, and organizational factors within the facility
(Delpierre et al., 2004). Linder et al, (2007) used 17 ambulatory quality indicators to
evaluate the performance of the EHR implementation. The results found that the EHR
system was not associated with the improved quality of ambulatory care. In fact, an
observational study demonstrated the loss of quality of care by using an IT system. A
new radiology system would notify a particular physician to pick up an ordered image for
a specific patient, however, the said physician was not the one assigned to the patient due
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to the rotational shift schedule in the emergency department (Fairbanks, Guarrera,
Bisantz, Venturino, and Westesson, 2010). Such observed under-performed EHRs are
potentially due to EHR system designers not being familiar with the practical workflow.
It has been indicated that redesigning and improving workflow are essential to the fully
realization of the benefits of implementing an EHR system.
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2.3.1 Healthcare Personnel’s Computer Skills
Training for information technology (IT) within healthcare settings has been
identified as an important factor in the complex EHR system adoption (Devine et al.,
2010; Georgiou, Ampt, Creswick, Westbrook, and Braithwaite, 2009; Sequist et al.,
2007). Healthcare personnel with insufficient IT skills would cause negative subjective
natures to adopting EHRs (Nohr, Andersen, Vingtoft, Bernstein, and Bruun-Rasmussen,
2005; R. Ward, Stevens, Brentnall, and Briddon, 2008). The HITECH Act also
emphasized IT training issues (Figure 2.1). It shows that workforce training for
information literacy is the foundation of EHR adoption and a key catalyst for the
meaningful use of EHRs (Hersh and Wright, 2008). Rollins’ study (2010) indicated that
the US needs at least an additional 50,000 IT professionals to support and train healthcare
practitioners to overcome the transition into the electronic environment.
An example was provided by a medical practice in Philadelphia, PA specifically
to study medical staff IT skills (Baron, Fabens, Schiffman, and Wolf, 2005). In this
clinic, some staff had no experience in using a mouse because their previous clinical
management system was not designed with a graphic user interface. Once the new EHR
system goes alive, they have to rearrange their time by reducing approximately 50% of
their scheduled appointments to adapt to the transition of the new EHR system
implementation.
According to Saranto and Leino-Kilpi’s (1997) study, a few items should be
added to the nursing education curriculum for better IT literacy and skills, such as how to
use a word processor for a basic clinical documentation, how to use e-mail for data

39

transferring and communication, and basic knowledge on the information system
security. In addition, the IT training should not only associate with the clinical practices,
but also integrate with laboratory and hospital training, such as patient data retrieval,
order entries, and test results access (Hobbs, 2002). Studies from McCannon and her
colleagues (2003) also indicated that additional advanced IT training should be provided
in specialized nursing modules, such as bedside charting and computerized medication
dispensing.
An empirical study showed that practice nurses in primary care had less chance to
access the associated IT trainings than other health professionals had, suggesting that it
could be an obstacle for the EHR adoption for small clinics (Alpay and Russell, 2002).
Another study showed that nurses would prefer to receive IT support from clinical
leaders and paid training sessions than other health practitioners. It could be that nurses
usually feel that they are less competent in computer skills, but they did realize the
potential uses of IT in their work (Ash and Bates, 2005).
In contrast, few studies had focused on the essential IT skills and knowledge for
the physicians, except for one study mentioned that physicians had less computer anxiety
than clinical staff, such as nurses (Gamm et al., 1998). Furthermore, one survey showed
that younger physicians and/or with the practice in larger healthcare institutions had a
much more positive attitude to adopting IT and improving computer skills (Anderson,
Asher, Whitler, Wilson, and Asher, 2007). However, regarding IT training, a survey
investigated computer skills among trainee doctors, and the results showed that the study
subjects had insufficient computer skills. The main reason is that less than one-third of
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the respondents had attended any computer skills training classes (Usha Kiran, Shylasree,
and Jayawickrama, 2004).
For other clinical professionals in the healthcare settings, Balen and Jewson
(2004) conducted a survey study to investigate the computer skills of Canadian
pharmacists. The results showed that nearly 80% of the respondents had never had any
formal computer trainings, and that more than half claimed they needed more training to
improve their computer literacy. A similar study was conducted in United Kingdom, and
the results showed that about 76% of pharmacists reported that they never received any
formal computer training, but that they were confident to use computers at work. This
study also indicated that the respondents claimed that they needed extra training in
internet use at work to access medical databases. For accessing the latest medical
databases, pharmacists can base decisions on evidence-based practice using up-to-date
medical information (Thomas and Rutter, 2008).
The aforementioned studies concluded that insufficient IT skills are quite
common in healthcare systems, and that it is a major obstacle for the implementation and
meaningful use of EHRs.
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2.3.2 Physical Configuration
With the EHR implementation, impacts due to the various physical configurations
of healthcare settings are observed. For example, a growing concern is the effect of
computer usage on communication between patients and doctors. In general, a physician
sharing information via a computer screen encourages patients’ participation in
developing a treatment plan during the visit (Shachak and Reis, 2009). However, a
computer in the practice site could potentially shift the care provider’s attention and
involvement away from the patient to the computer (Frankel et al., 2005). Thus, a
physical configuration of a practice site plays a significant role if EHRs are adopted.
Shachak’s group (2009) used two spatial layouts in a physician’s office to discuss the
physical arrangement among physicians, patients, and computers. Figure 2.2 shows the
two typical spatial organizations of a physician’s office layout, and the study showed that
physicians who employed a patient-centered layout usually facilitated more frequent eye
contact and information exchange with patients (Linder et al., 2006; Shachak, HadasDayagi, Ziv, and Reis, 2009).
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Figure 2.2 Typical spatial arrangements of a physician’s office (Shachak, et al., 2009)

Figure 2.3 shows two physical configurations between a computer screen, an
examination table, and the physician’s position in a clinical exam room. It illustrates
computer usage while involving communication between a patient and a physician
(Frankel, et al., 2005). In scenario (a), while a patient sits on an examination table, it is
difficult to maintain eye contact with the physician due to different sight levels between
the physician and the patient. In contrast, the physician can share the information on the
computer screen with the patient easier in the configuration (b).
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Figure 2.3 (a) A patient is leaning for conversion involvement; and (b) an involved
patient with the physician using a monitor with adjustable mobile arms during computer
usage (Frankel, et al., 2005).

For the inpatient practice physical configurations, a review study indicated that
physicians and nurses using EHR systems at a bedside computer system had longer
documentation time than with the use of a central station desktop, and physicians need to
spend from 98.1% up to 328.6% more time per shift on a central station desktop for
CPOE tasks (Poissant, et al., 2005). The impacts of the EHR implementation not only
could affect various computer arrangements among units in a facility, but also could
happen among different configurations of designed facilities. Penrod and Gadd (2001)
compared the implementation of the same EHR system in an academic-based general
internal medicine with a community-based primary care clinic. Results showed that
physicians in a community-based primary care clinic were much more positive on time
efficiency for documentation and placing medical orders with the EHR system.
Therefore, the increased time efficiency could be attributed to the different natures of
workflow and the inherent differences of physical facility designs between two facilities.
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CHAPTER THREE
ARE STAFF IN RURAL HEALTHCARE FACILITIES READY FOR EHRS?

ABSTRACT
Training for information technology (IT) in healthcare has been identified as an
important factor in the adoption of electronic health records (EHRs). The Health
Information Technology for Economic and Clinical Health (HITECH) Act indicates that
workforce training for information literacy is the foundation of EHR adoption and a key
catalyst for the meaningful use of EHRs. A computer skills survey was administrated to
three rural hospitals in South Carolina to investigate the computer competency and
troubleshooting abilities of individual staff members and to determine whether hospital
staff are comfortable enough with basic technology to use future EHRs effectively.
While results showed that 73.5% of respondents were using EHRs in some part of their
work, respondents could use more basic computer training in tasks beyond email and
internet activity. Staff respondents were less confident with tasks such as software
installation or connecting to printers and troubleshooting activities. In particular,
respondents indicated that they had problems in recovering lost data or finding deleted
files on a computer. Healthcare personnel with insufficient IT skills can hinder the ability
of an organization to integrate EHRs into their daily routine and to achieve meaningful
use of EHRs. One key suggestion is to identify local IT experts within the departments
who can help bring others up-to-speed and foster more of a team mentality when
transitioning to electronic records.
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3.1 Introduction
3.1.1 Background of EHR Adoption
When Congress passed the Health Information Technology for Economic and
Clinical Health (HITECH) Act and $27 billion over 10 years in extra Medicare and
Medicaid payments became available, numerous health professionals and healthcare
institutions in the United States began adopting electronic health records (EHRs) with the
goal of achieving the meaningful use of the data (Blumenthal, 2010, 2011). As a result,
training for information technology (IT) within healthcare settings has been identified as
an important factor to increase the adoption rate of EHRs (Devine et al., 2010; Georgiou,
Ampt, Creswick, Westbrook, and Braithwaite, 2009; Sequist et al., 2007). Studies also
show that medical providers with insufficient IT skills would contribute to a negative
culture for the adoption of EHRs (Nohr, Andersen, Vingtoft, Bernstein, and BruunRasmussen, 2005; Ward, Stevens, Brentnall, and Briddon, 2008). Therefore, the HITECH
Act encourages workforce training for information literacy, and it is the foundation of
EHR adoption and a key catalyst for the meaningful use of EHRs (Blumenthal and
Tavenner, 2010).
Tapp et al. (2003) categorized four reasons why enterprise resource planning
(ERP) commercial software implantation fail in organizations: (1) inadequate
education/training of staff, (2) poor leadership from top management, (3) user’s
resistance to change, and (4) unrealistic expectations. In fact, these same reasons can very
likely identify the reasons for failures when implementing EHR system in healthcare
sectors. In particular, many studies have concluded that medical staff’s insufficient ability
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to use a new IT system is important (Balen and Jewesson, 2004; Baron, Fabens,
Schiffman, and Wolf, 2005; Saranto and Leino‐Kilpi, 1997; Thomas and Rutter, 2008).
Therefore, in this study, the authors investigate medical staff’s computer skills adequacy,
with a focus on small-rural hospitals, as well as make recommendations for how to train
and prepare staff for future IT changes.
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3.1.2 Medical Personnel’s Computer Competency
Studies have explored personnel’s computer skills in many healthcare sectors. For
example, a study documented that medical staff in a clinic had no experience in operating
computers via a mouse because the facility never had a graphic user interface-based
computer system installed (Baron, et al., 2005). The clinic actually suffered 50%
reduction in scheduled appointments when the new EHR system was used; it cost staff
more time than before using the new system due to insufficient IT literacy. To achieve
effective and efficient clinical practice under the electronic environment, researchers
suggested that IT knowledge or computer skills training should be emphasized in the
general nursing education (Saranto and Leino‐Kilpi, 1997). Regarding physicians’
computer competency, a study showed that physicians had less computer anxiety than
nurses (Gamm et al., 1998). In addition, a study also showed that physicians with
younger age and/ or with practice in a larger facility had a more positive attitude toward
improving their computer skills (Anderson, Asher, Whitler, Wilson, and Asher, 2007).
Nevertheless, nurses and physicians should not be the only care providers of concern in
the healthcare business. Hobbs stated the IT training should also be extended to other
healthcare personnel, such as staff in laboratories, pharmacies and other support
departments (Hobbs, 2002). Two survey studies showed that nearly 80% and 76% of
pharmacists never had any formal computer training in Canada and UK, respectively
(Balen and Jewesson, 2004; Thomas and Rutter, 2008).
In general, personnel working in primary care had less opportunity to access
associated computer training than other professionals, suggesting that financial ability in
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clinical practices plays a significant role in IT literacy (Alpay and Russell, 2002).
Moreover, it is not only small clinical practices with limited resources, but small
hospitals (less than 100 beds) located in rural areas also have the similar problems. And
yet, there are very few studies focusing on investigating institutional-wide healthcare
personnel’s computer skills in rural healthcare facilities.
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3.1.3 Research Objective
The current study focuses on evaluating rural healthcare personnel’s computer
competency. It aims to: (1) identify specific computer tasks which staff have difficulty
performing, (2) analyze the relationships between computer competency and
respondents’ demographic information, (3) identify the local computer experts within the
facility who can support others when they have IT problems, and (4) recognize the unit(s)
which needs more IT support within the facility. The abovementioned information can
assist facility management create a comprehensive EHR implementation plan to assist
healthcare personnel’s adoption and meaningful use of a new EHR system.

59

3.2 Methods
3.2.1 Study Facilities and Participants
To evaluate healthcare personnel’s computer skills and their comfort with
information technology, a computer competency survey was distributed to three rural
hospitals in South Carolina. All study sites are located in rural or remote areas, and none
of them has more than 100 beds. The three fully-functional facilities have 90, 25, and 55
beds for Hospitals A, B and C, respectively. For current status of using any component of
EHR system within three study sites, Hospital A is not using any EHR system. Hospital
B has some IT system which is using in the lab department, but the test results does not
exchange among departments electronically. For the Hospital C, an EHR system is
deployed for two years, but facility management has a plan to switch to another new
system. Thus, the anticipated time frame for implementing a new EHR system were
November 2011 for Hospital A, and May 2012 for Hospital C; the implementation time
for Hospital B had not been decided yet.
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3.2.2 Survey Design
The objective of this survey is to investigate the computer literacy of healthcare
personnel in rural hospitals. To achieve this objective, questionnaires were designed in
four distinct sections covering: (1) demographic information, (2) computer usage and
familiarity, (3) computer operating skills, and (4) confidence of using and willingness to
learn how to use computers. The completed computer skill survey is presented in
Appendix A.
In the first section of the survey, items of demographic information solicited the
basic information such as participants’ names, genders, ages, ethnic background,
education levels, roles and work experience. The purpose of collecting participants’
names in the survey was to help facilities identify local computer experts, - or “super
users,” within the department. Those “super users” may become mentors within the
department until computer training for other users is developed.
In the second section of the survey, participants were asked about their computer
usage and familiarity. Computer familiarity assessments inquired both the participants’
familiarity of using computers at work and their computer usage at home. In this section,
the use of electronic health records as part of their job was also investigated by
determining whether respondents utilized any of the following EHR components:
electronic documentation, computer provider order entry (CPOE), electronic medication
administration records (eMAR), medication verification (e.g. bar code scanning system),
incorporated clinical lab test results into EHRs, and quality report generation (query).
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As for the computer skills assessment, this section not only asked about the
participants’ basic and advanced computer operating skills, but also investigated how
comfortable they were in troubleshooting computer problems. A five-point Likert scale
was used (1 = Strongly disagree, 2 = Disagree, 3 = Neutral, 4 = Agree, and 5 = Strongly
agree). In the last section of the questionnaire, participants were asked to self-assess their
computer competency and willingness to learn more about computers.
Paper-based questionnaires were distributed by management to their staff within
these three hospitals from January to May in 2011. All survey instruments and study
protocols were approved by the Institutional Review board (IRB) of Clemson University.
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3.3 Results
3.3.1 Demographics Information
A total of 225 valid surveys were returned. Respondents had a mean age of 43.9
(SD = 12.0) years old, and the average work within healthcare was 15.1 (SD = 10.7)
years, as showed in Table 3.1. Approximately 75.4% of respondents had a full-time job in
the surveyed facilities. According to the survey result, nearly 97.8% of respondents
indicated that using a computer is a regular part of their current work, with 56.6% of
respondents indicating they use a computer more than 20 hours per week. In addition,
73.5% of them were currently using some kind of EHRs in these facilities and
percentages of different adopted components were reported as follows: 54.9% were with
electronic documentations, 30.4% were with computer provider order entry (CPOE),
15.2% were with incorporated clinical lab test results into EHRs, and 10.7% were with
electronic medication administration record (eMAR). The detailed survey results from
Hospital A, B and C are presented in Appendix B to D, respectively.
The survey data from the three hospitals was analyzed to determine if similar
breakdowns existed for individual demographic measures across the set of hospitals.
Regarding gender (χ2 = 6.697, d.f. = 2, p = 0.035), age (χ2 = 21.660, d.f. = 8, p = 0.006),
ethnicity (χ2 = 47.665, d.f. = 8, p < 0.001), experience (χ2 = 16.851, d.f. = 8, p = 0.032),
and role (χ2 = 82.733, d.f. = 24, p < 0.001), all of these profiles exhibited unique
information by hospital, indicating distinct characteristics of the workforce even across a
sample of three. Table 3.1 summarizes some key information for the three facilities. For
hours of using a computer per week either at work or home (χ2 = 12.758, d.f. = 8, p =
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0.120), there was no difference between facilities. This indicates that, despite having
distinct differences in demographic data across facilities, the level of computer use of
individual staff was similar across facilities. However, for using any EHRs at work (χ2 =
14.486, d.f. = 2, p = 0.001), significant differences among hospitals were observed. This
supports the fact that there is a different level of current IT integration at each facility.

Table 3.1 Information of respondents from three studied facilities
Age (years; mean ± SD)
Experience (years; mean ± SD)
Work as full time job
Use a computer more than 20
hours per week (work & home)
Using some form of EHRs

Hospital A
35.5 ± 10.6
9.7 ± 7.2
89.3%

Hospital B
45.5 ± 11.3
15.7 ± 10.1
70.2%

Hospital C
44.4 ± 12.4
16.0 ± 12.3
78.7%

Overall
43.9 ± 12.0
15.1 ± 10.7
75.4%

42.9%

47.5%

68.0%

56.6%

89.3%

62.9%

84.0%

73.5%
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3.3.2 Computer Skills Survey Results
In the section on staff computer skills in the survey, results showed that
respondents were less comfortable with the task to “create tables, chart or graphs” (score
= 3.62) in the basic computer skills section than other basic tasks (please see Figure 3.1
for details). It is the only task in the section having a score less than 4. In the advanced
computer skills section, respondents were less comfortable (score less than 4) with tasks
such as “install software on a personal computer” (score = 3.76) and “add a printer”
(score = 3.91). Furthermore, respondents indicated more difficulties in troubleshooting
computer problems than performing basic or advanced computer tasks. All scores of
computer operations in the troubleshooting section were less than 4, and one task had a
score less than 3 which was “recover lost data after a computer crash” (score = 2.40). In
the last set of questions asking subjective opinions regarding computer competency and
training, most respondents indicated that they were highly interested in learning more
about computers.
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Basic Computer Skills
Create tables, charts or graphs
Move an existing file to another location
Rename the existing file
Save files to a particular folder
Copy, cut and paste text
Switch between open windows
Safely turn the computer on/off

3.62
4.02
4.28
4.32
4.33
4.63
4.77

Advanced Computer Skills
Install software on a personal computer
Add a printer
Attach files to an email message
Send an email to more than one person
Find specific information on the web

3.76
3.91
4.19
4.52
4.56

Computer Troubleshootings
Recover lost data after a computer crashes
Navigate between windows without a mouse
Find a deleted file on a computer
Laptop loses the wireless connection
The computer freezes
Redirect to a printer other than the default

2.40
3.17
3.23
3.48
3.61
3.71

Subjective Opinions
I am good with computers
I am comfortable using computers
I would enjoy learning more about computers

3.96
4.31
4.40

1

2

3

4

5

Figure 3.1 Rating of respondent comfort with computer skills and subjective opinions
regarding computer use (1 is strongly disagree and 5 is strongly agree)
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3.3.3 Computer Skills Results among Demographics
Table 3.2 shows the distributed percentages overall respondents for different
demographic variables, such as facility, gender, age, ethnicity, education and experience.
Respondents had significant differences in perceiving confidence in computer operations
between age and experience groups, where the p-values are less than 0.05 (Table 3.2).
The p-value is determined via an intra-comparison of one specific demographic variable
via a t-test. For example, there was a statistical difference (p=0.037) exhibited across the
three facilities in the staff’s ability or willingness to conduct troubleshooting (see row =
“Facility,” column = “Troubleshooting” in Table 3.2). The stratified analysis showed that
older respondents (Figure 3.2 (a)) or those with more healthcare experience (Figure 3.2
(b)) had less confidence in operating computers. In addition, significant differences in
subjective opinions were found between respondents of different age groups. Results
indicated that respondents older than 60 years old were less comfortable using a
computer, and they also perceived lack of confidence in operating a computer.
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p < 0.05

*

Experience
(N=220)

Education
(N=224)

Ethnicity
(N=223)

Gender
(N=224)
Age
(N=212)

Facility
(N=225)

Hospital A
Hospital B
Hospital C
Female
Male
Less than 30 years
30-39
40-49
50-59
More than 60 years
African American
Asian
Caucasian
Hispanic; Latino
Some high school
High school diploma
Associate degree
Bachelor degree
Master/ professional
Doctoral degree
Less than 6 years
6-10
11-15
16-20
More than 20 years

Demographic variable
12.3%
53.8%
33.8%
86.2%
13.8%
13.7%
25.0%
28.3%
23.1%
9.9%
18.8%
0.4%
76.7%
1.3%
0.4%
22.3%
42.4%
17.9%
8.5%
1.8%
20.5%
21.8%
15.0%
15.0%
27.7%

(28)
(121)
(76)
(193)
(31)
(29)
(53)
(60)
(49)
(21)
(42)
(1)
(171)
(3)
(1)
(50)
(95)
(40)
(19)
(4)
(45)
(48)
(33)
(33)
(61)

Percent (n)

<0.000*

0.233

0.013*

0.138

0.494

0.001*

<0.000*

0.502

0.538

0.948

0.005*

0.247

0.638

0.001*

0.200

0.037*

Advanced
Trouble
Skills
shootings
p-value

0.398

0.865

Basic
Skills

Table 3.2 Associations of computer skills and subjective opinions with characteristics of respondents

0.078

0.600

0.578

<0.000*

0.116

0.889

Subjective
opinions

Figure 3.2 (a) age groups in average scores of computer skills; (b) experience groups in
average score computer skills
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3.3.4 Computer Skill versus Clinical Responsibilities
Survey respondents could be categorized into three particular role groups: clinical
personnel (41.8%; 94), support personnel (24.9%; 56), and general personnel (33.3%;
75). Clinical personnel consisted of front line care providers such as, registered nurses
(RNs), licensed practical nurses (LPNs), certified nursing assistants (CNAs), nurse
practitioner (NPs), and physicians. Support personnel included staff working in the
pharmacy, the radiology department, the laboratory, and the department of therapy. The
last category is general personnel, and it included office staff, financial staff,
administrating managers, and IT staff. The average scores of computer skills for each role
category are shown in Table 3.3. In general, the front line clinical personnel had lower
scores in all computer skills assessment, and significant differences were found in basic
computer skills and troubleshooting sections. In addition, a significant difference was
found for clinical personnel in all three questions of the subjective opinion section. They
had lower rating scores in comfortable and good with using computers, and this groups of
respondents also had less willingness to learn more about computer.

Table 3.3 Role groups with corresponding average scores of computer skills and
subjective opinions regarding computer use
Clinical
personnel
Basic computer kills
4.07

*

Support
personnel
4.29

General
personnel
4.47

p-value
0.026*

Advanced computer skills

4.04

4.20

4.36

0.070*

Trouble shootings

2.94

3.33

3.61

0.000*

Subjective opinion

4.08

4.36

4.30

0.048*

p < 0.05
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3.4 Discussion
The importance of involving front-line staff in any implementation of a new
system cannot be understated. Without recognizing the strengths and weaknesses of these
individuals (the primary stakeholders) who will be most affected by the new system, an
organization cannot expect the implementation to be successful. This is a critical point to
observe. In this study, the authors provide a direct comparison of medical personnel’s
computer competency in small-scale rural hospitals. This study found that respondents in
rural hospitals did feel comfortable performing basic computers tasks, but were slightly
less confident with the advanced operations, such as software installation or connecting
to printers. For the computer troubleshooting abilities, respondents were particularly less
comfortable with recovering lost data or finding deleted files on a computer. However,
tasks similar to hardware/software installations or data recovery are often led or assisted
by the IT support team (if one exists) within the facilities to overcome the technical
problems for clinical practices.
Furthermore, findings also showed that older and experienced respondents had
less computer skills and troubleshooting abilities than other groups, especially
respondents had age over 50 years old (33.4%) and more than 16 years of healthcare
experience (42.7%). Older staff are also less willing to learn and use computers. This
reinforces the need to provide additional computer training to those particular groups for
efficient transition to computer-based practices. In reviewing prior research, several
studies have reported a negative relationship between aging workers’ experience (age
usually parallels staff’s experience) and the computer performance (Ansley and Erber,
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1988; Czaja and Sharit, 1993). Though some studies also suggested that computers tend
to replace unskilled workers for the routine tasks; however, there should be fewer
concerns on medical staff’s work being replaced from the IT systems since staff in the
healthcare facility has professional clinical skills rather than routine tasks like assembly
line jobs (Friedberg, 2001). Nevertheless, IT anxiety and frustration do affect aging
staff’s willingness to use computers (Laguna and Babcock, 1997). Thus, to retain
experienced and skilled medical staff in the healthcare facility, facility management
should fully support and assist aging staff on adopting and learning new technologies
(Igbaria and Chakrabarti, 1990).
In general, the clinical staff in hospitals had less computer literacy and knowledge
than support and general personnel. This group of front line care providers also had less
willingness to learn and improve the computer skills than the other two groups. A
possible explanation may be that clinical personnel would like focus more on their first
priority- providing care to patients rather than spending their time and energy on dealing
with a technology such as, EHRs. Therefore, hospital management should provide
educational training to the front line care providers, as well as publicizing potential
benefits of EHR adoption to improve the quality and safety of medical practices.
Regarding the differences of computer competency among units within each
hospital, this study also assessed all units’ computer competency within hospitals to
identify which departments need additional IT support. For example, in hospital A, the
department of orthopedics scored lowest for 13 out of 18 computer skills and computer
troubleshooting tasks among all departments. The emergency department staff had more
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tasks with the lowest scores in hospital B and C. Moreover, the study also provided a list
of potential “super users” for the facilities, who were identified via the highest computer
skills rating scores in each unit. It is hoped that theses local IT experts who demonstrate
higher scores in using computers become leaders to integrate new technology at the
department level. Further, it is expected that local IT experts can help bring others up-tospeed and foster more of a team mentality when health records are fully transitioned to an
electronic work process.
Insufficient medical staff computer skills could be one of many potential barriers
hindering EHR adoption. Other factors such as poor EHR interface design or increased
staff workload have been identified in the past. Studies showed that physicians perceive
challenges when using an EHR system due to usability problems associated with the
system, such as the complexity of technology (Miller and Sim, 2004) or the EHR
software interface that is lacking uniform standards (Simon et al., 2007). In addition, it is
found that using EHR could potentially increase medical staff’s workload and prolong the
time required to care for patients (Christensen and Grimsmo, 2008; Hollingworth et al.,
2007; Lo et al., 2007). A study has shown that nurses spent increased time documenting
care recoding diagnoses and testing results due to the implementation of an EHR system
(Ward, Vartak, Schwichtenberg, and Wakefield, 2011). While these other factors are
important, they were not part of the computer skills survey conducted in this research.
A final point is made concerning, Tapp et al.’s (2003) other key concerns also
include the lacking of leadership, resistance to change, and unrealistic expectations. Terry
et al., (2008) emphasized that a successful EHR adoption is established based on the
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facility management’s fully support to bear any associated risks and costs. Jha et al.
(2009), Menachemi et al. (2007), and Simon et al. (2007) indicated root causes in
resistances in using new EHR system are mainly generated by medical staff’s lacking
computer skills which correlate to the inadequate training issue, which is one point made
in this study. Medical staff can also underestimates the impact of alternate workflows due
to implementing any new IT tool. Users tend to feel frustrated when using a new system
since it could potentially increase their workload or time to finish the same routine task
(Christensen and Grimsmo, 2008; Hollingworth, et al., 2007; Lo, et al., 2007). These
additional points are well worth investigation when addressing EHR implementation as a
whole.
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3.5 Conclusion
Not surprisingly, there are several findings from this study suggesting that older
respondents and those with more healthcare experience were also less comfortable with
computers. They not only had lower self-rated abilities in using computers, but also had
less interest in learning computer operations. The results of the current study suggest that
the more experienced and older workforce in facilities play critical roles in potentially
hindering the adoption of EHRs in the healthcare sectors. These groups of personnel need
more support from their department team and IT training. This study provides a clear
roadmap of how to assist small-scale rural hospitals in (1) evaluating healthcare
personnel’s computer competency and (2) suggesting appropriate IT support and training
for new technology. This study can be an example for developing technical assistance for
policy makers such as the Office of National Coordinator (ONC), to draft the meaningful
use regulations regarding healthcare personnel’s computer competency training
programs. This can be the first step to eliminate the uncertainty of the unprecedented
HITECH Act’s provisions for small healthcare facilities (Blumenthal, 2011).
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CHAPTER FOUR
DESCRIBING AND MODELING MEDICATION ADMINISTRAION WORKFLOW
AT RURAL HOSPITALS
4.1 Introduction
The medication administration process is a series of complex tasks conducted by
nurses in healthcare facilities (Fraind, Slagle, Tubbesing, Hughes, and Weinger, 2002;
Grigg, Garrett, and Craig, 2011; Lane, Stanton, and Harrison, 2006). The most relevant
studies have focused on applying IT (e.g., the barcode scanning system or EHR system)
for medication administration to prevent medical errors and to increase patient care safety
(Koppel, Wetterneck, Telles, and Karsh, 2008; Patterson, Rogers, Chapman, and Render,
2006; Patterson, Rogers, and Render, 2004). However, some healthcare facilities, such as
rural hospitals, have limited resources to implement a new IT systems for a particular
clinical activity (DesRoches et al., 2008; Jha et al., 2009; Middleton, Hammond,
Brennan, and Cooper, 2005; Rao et al., 2011).
Studies indicated that financial concerns are not the only barrier to implement a
new IT system for the medication administration process in small rural hospitals. For
instance, several workflow-related factors, such as loss of productivity during the
transition, difficulty in meeting the practice’s needs, and inability to integrate with other
IT systems, could prevent rural hospitals from quickly adopting an IT system
(DesRoches, et al., 2008; Gans, Kralewski, Hammons, and Dowd, 2005). In addition, Dr.
Blumenthal, the previous National Coordinator for Health Information Technology,
emphasized the importance of these workflow-related concerns for a clinical practice, and
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he stated that a new IT system should meet the criteria for the facility’s logistical needs
(Blumenthal, 2011a, 2011b).
Before discussing the impacts of implementing new IT system on the medication
administration process at rural hospitals, an in-depth understanding of the contextappropriated medication administration workflow without an IT system should be
described. In general, the underlying medication administration process should meet the
“five rights” principle. “Five rights” indicate that the nurse should give the right
medication to the right patient in the right dose by the right route at the right time
(Cescon and Etchells, 2008; Cummings, Bush, Smith, and Matuszewski, 2005;
Eisenhauer, Hurley, and Dolan, 2007; Grigg, et al., 2011; Koppel, et al., 2008). In
addition, some literature also mentioned the sixth right for medication administration the
right documentation (Pape et al., 2005; Roach, 2000; Salmon and Pomerantz, 2009).
Nurses should record the patient’s status prior to administrating medications. The nurses
must also make a note on the patient’s record, along with the dose given, time given, and
the route given in (Harrison and Weiss, 2010). To finalize the medication administration,
nurses must initial the record after whole procedure (Pape, et al., 2005).
Even with the “five rights” principle firmly established, it can still be a challenge
to implement a standard manner that is safe for administering medications in rural
hospitals. The differences between units within a facility or differences between the
facilities mainly cause this challenge. In particular, it is not easy to have an identical
standard work procedure for the medication administration process in these healthcare
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facilities due to the differences in physical layouts, equipment installations, workforce
deployments, organizational culture, and practice policies across the facilities.
Thus, the purpose of this study was to investigate the differences between units
within facilities focusing on the medication administration process. Moreover, based on
the findings, this study can deliver insights into medication administration workflow in
rural, small-scale hospitals for maintaining efficient and safe-orientated clinical practices.

82

4.2 Method
This study mainly focused on documenting nurses’ medication administration
workflow at two small rural hospitals in South Carolina. Human factors engineering
graduate students completed field studies via shadowing nurses who were administrating
medications to patients. Faculty investigators monitored and reviewed the observational
data to ensure the quality of study. Facility unit managers confirmed all procedures
associated with the medication administration process to ensure the validity of the
observation. Researchers, via double-checking with each other’s research field notes,
ensured the reliability of this study.
After observation, the qualitative field notes data were reviewed and transcribed
into medication administration flowcharts by each department and facility. Follow-up
focus groups for nurse managers in the facilities were conducted to identify the “contextappropriate” medication administration process for their rural small-scale hospitals.
Focus groups are not only suitable for examining how knowledge, ideas, and operate
within a given cultural context but are also better for exploring how those participants’
opinions are constructed (Kitzinger, 1995).
The purpose of the group discussion was to (1) add or confirm the observation
findings and to (2) identify misconduct and violation of work standards based on the
observation data. Based on the unit nurse managers’ consensus, revised medication
administration process flowcharts were generated to demonstrate the context-appropriate
procedure for the two rural hospitals studied.
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4.2.1 Study Facilities and Participants
The observation for the medication administration process was conducted in five
different units within two South Carolina rural hospitals (four units in Hospital A, and
one unit in Hospital C) from January to July 2011. The four units in the Hospital A were
(1) Labor, Delivery and Nursery; (2) Long-Term Care; (3) Medical/Surgical and
Pediatric; and (4) Orthopedics and Post-Partum departments. As for Hospital C, the
observational study was only conducted in the Medical/Surgical department. In addition,
there were 90 and 55 beds in Hospital A and C, respectively.
Nurses from the two hospitals (Hospital A and C) were invited to participate in
this observational study. Facility managers informed all nurses about this study using
following methods: internal staff meeting, facility newsletters, or bulletin board postings.
Furthermore, managers provided a list of potential participants (nurses) to the research
team in their respective units. Participation was voluntary, and all participants were
recruited by their initial willingness and availability. Ten registered nurses participated in
this study, and all of them were full-time nurses in the facilities. Researchers
disseminated information about the observation study procedure before the study begin,
and all participants signed an informed consent. Participants could decline to participate
or withdraw from the study at any time. Clemson University Institutional Review Board
(IRB) approved all the research protocols.
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4.2.1.1 Hospital A
In general, medications are stored in medication cabinets or stations located either
in nurse stations or on the hallway of the unit floor. Nurses needed to log into the
medication cabinet by typing in their identifications and passwords to access medications
for patients. In contrast, for the Long-Term Care Unit in the facility, the medications
were stored in a medication cart. Thus, nurses needed to push a medication cart to
individual rooms to administer medications. Each long-term care patient has his/her own
drawer in the cart for storing medications. Staff from the pharmacy usually filled the
cabinets every morning; however, medications were stocked weekly in the medication
cart for the Long-Term Care department. In addition, some medical supplies, such as
intravenous (IV) fluid, needles or linens were stored in the supply room near the nurse
stations.
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4.2.1.2 Hospital C
In the Medical/Surgical department of Hospital C, medications were stored in a
medication cabinet and medication carts. The medication cabinet was located in a small
room behind the nurse station, and all narcotics and certain medications were stored in
the medication cabinet. Medications stored in the medication cabinet were usually
expensive, and pharmacy technicians restock the inventory every day at 8:00 am. In
addition, as the medication cabinet did not have a cooling function to store certain
medications at the required temperature, a small common refrigerator with a lock was
located near the medication cabinet. For instance, if a nurse had to administer insulin to a
patient, the nurse needed to log into the medication cabinet to access the key for the
refrigerator. Once the nurse received the key, the nurse needed to walk to the refrigerator,
unlock the door, and access the insulin. The key for the refrigerator was then returned to
the medication cabinet after gathering medications from the refrigerator.
In Hospital C, some medications were also stored in the medication carts. Most of
these were oral medications and less expensive. Each nurse had a cart for three to four
patients’ medications. Each patient on the unit floor had his/her own drawer in the
medication cart. Nurses or pharmacy technicians needed to log into the cart to access or
stock the medications. Pharmacy technicians usually started to restock the inventory in
the medication cart at 8:00 am every morning. A laptop computer was placed on the
medication cart for nurses to perform charting and to evaluate patients’ status. In
addition, nurses could retrieve medical supplies from the supply room located across
from the nurse station.
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4.2.2 Research Protocols and Data Collection Instrument
4.2.2.1 Direct Observation
The field study focused on documenting the medication administration workflow
within the rural hospitals. The researchers shadowed nurses when they were preparing
and distributing medications to the patients in the first round of medication administration
(morning routines). A structured field note sheet was used to document the nurses’
activities associated with medication administrations. Six categories of data were
collected using the field note sheet as shown in Table 4.1.
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Table 4.1 Field note sheet for the medication administration observation
Verification / Documentation

Detailed documentation procedures were as follows: first, researchers recorded
the time when a new task occurred. Second, a specific number was assigned to a patient,
and this information recorded on the field notes. In general, the number was usually
assigned on the orders of patients who receive the care. For example, a specific patient,
the first patient to receive medications, would be tagged as number 1 in an observation
routine. The type and number of medications for each patient were also documented on
the field notes. The form of medications can be categorized into eight distinguish types:
orally medication (PO), intravenous (IV), subcutaneous (Sub-Q), liquid (Liq), Crème,
Patch, intramuscular (IM), and Powder. In addition, during the observation, if any
interruption were observed during a certain task, researchers would place a mark on that
task.
Regarding the medication administration tasks, two major tasks were recorded on
the field note: the nursing task and the documentation task. Nursing tasks refer to the
tasks that involve activities for patient care, such as taking care of a patient’s wound,
assisting patient’s daily lives, explaining the effect of medications, assessing patient’s
cognitive status, or communicating with other medical staff. On the other hand, the
documentation tasks refer to the regular charting tasks, the tasks to verify patients’ intake
of correct medications, and to confirm that patients’ received their medications properly.
All observational data obtained from the study were kept confidential. No personally
identifiable nursing staff data were recorded, and no patient information was recorded for
this study.
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4.2.2.2 Focus Group
A focus group discussion was held in two facilities and each session was around
45 to 60 minutes. The participants included nurse managers from each unit and IT
managers. The group discussion used semi-structured interviews with unit managers to
confirm observation results.
The major purposes of the group discussion were two folds: (1) to validate the
medication administration flowcharts to ensure that they reflect current processes, and (2)
to request unit managers identify any misconduct and violation of work standard based
on the observational data. To ensure the quality of the context-appropriate medication
administration flowchart, the unit managers across two facilities confirmed the detailed
procedures associated with the medication administration. This study protocol also
quarantined the accuracy of the results of the observational field study.
Before the group discussion, medication administration workflow charts
(preliminary workflow diagram) for each unit within facility were presented to all
participants. The researcher also gave a brief introduction about current workflow based
on the observation findings. Later, participants could express freely how well the work
flowcharts describe the ideal procedures in the unit. During the group discussion, the
researcher tried to go through the workflow step-by-step to motivate the discussion. The
group discussion data were recorded on a note and marked on the preliminary workflow
charts accordingly. Data analysis mainly focused on differences between observed and
discussed tasks contained in the flowcharts. New and context-appropriate medication
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administration flowcharts for each unit within two facilities were modified and refined in
response to the focus group data (nurse managers’ consensus).
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4.3 Field Study Results
4.3.1 Medication Administration Processes at Hospital A
Hospital A is a three-story building containing several different units at different
floors: the Orthopedic and Post-Partum Unit and the Labor, Delivery and Nursery Unit
were located on the second floor. The Medical/Surgical and Pediatrics Unit, and LongTerm Care Unit were located on the third floor. The facility layout of Hospital A is
shown in Figure 4.1.

Figure 4.1 The floor plan of Hospital A
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Twenty-eight observational periods, i.e., number of patients, were conducted
during the morning medication administration rounds (8:00 am) at Hospital A. Table 4.2
shows the number of nurses and patients observed in each unit within Hospital A during
the morning round.

Table 4.2 Number of nurses and patients observed in each unit within Hospital A
Department

Number of Nurses

Number of Patients

Medical/Surgical & Pediatric

3

7

Orthopedics & Post-Partum

2

3

Labor, Delivery, and Nursery

1

3

Long-Term Care

3

15
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4.3.1.1 Medical/Surgical and Pediatric Unit
The Medical/Surgical and Pediatric Unit at Hospital A used a medication station
(Pyxis system) to store the medications for its patients. The medication station in the
Medical/Surgical and Pediatric Unit is located in the nurse’s station (Figure 4.2). Due to
the nature of the location, nurses in the unit always needed to log into the medication
station and access the medication needed by a patient one at a time.

Figure 4.2 A medication station located in the nurse station at the Medical/Surgical and
Pediatric Unit in Hospital A
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Figure 4.3 shows the current process of administrating medication workflow
within the Medical/Surgical and Pediatric Unit at Hospital A. The entire medication
administration workflow within unit starts by reviewing patients’ medication
administration records (MARs), which are usually printed out and put in the patients’
folders accordingly. At the beginning of each morning medication pass, nurses retrieved
all patients’ MARs and wrote a note of patients’ whole day medication pass schedule on
paper or in their private notebooks. The major purpose of this task was to prioritize their
medication administration tasks.
According to the medication administration schedule, nurses usually sterilized
their hands before preparing the medications for the patients. The Medical/Surgical and
Pediatric nurses accessed all medications from the medication station. They needed to log
into the system by typing in their usernames and passwords. Since medication station was
located in the nurse station, some interruptions were observed while nurses were using it.
For example, the nurses would answer the phone or talk to other staff in the line.
Sometimes, the nurse would need extra tools for preparing the medications, such
as scissors for cutting off the medicine’s packaging or a medicine cutter to split pills.
Once the nurse had prepared all medications for the patient, the nurse carried them and
the patient’s MAR to the patient’s room. In addition, some interruptions were observed
while preparing medications or on the way to the patient’s room.
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Figure 4.3 Medication administration workflow for Medical/Surgical and Pediatric Unit in Hospital A
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When finished medication preparation at the station, the nurse usually went
directly to the patient’s room. Before contact with patients and passing medications, the
nurse would sterilize his/her hands in front of patient’s room. Later, the nurse would greet
the patient, ask the patient’s name and the date of birth, and confirm with the information
on the patient’s wristband. The purpose of greeting and asking the patient’s name and
birth date was twofold: to verify the correct patient and to help the nurse identify
patient’s cognitive status and assess whether the patient was ready to take the
medications.
If a patient were ready for the medications, the nurse would administer them.
Then, the nurse needed to confirm that the patient had applied the medication properly.
Sometimes, the patient may not be ready for the medication. Under this scenario, the
nurse would take the patient’s medications back to the nurse station and store them in a
cabinet drawer located in a chamber beside the nurse station.
After administering medications to the patient and the patient taking the
medications properly, the nurse crossed out the time and names of medications on the
patient’s MAR. Before leaving the patient’s room, the nurse also checked and initialed
his/her name on the round sheet usually hanging on the wall in the patient room. Once
back at the nurse station, the nurse initialed their name beside all medication names on
the patient’s MAR and put the patient’s MAR back into the folder. During this process,
interruptions were observed as the nurses were working on the charting and
documentation tasks in the nurse station. After documentation, if other patients needed
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medications, the nurse would pull out the MAR for these patients and perform the
workflow iteratively.
The thunderbolt symbols in Figure 4.3 represent the interruptions observed during
the medication administration process in the Medical/Surgical and Pediatric Unit.
Interruptions were observed not only while nurses were using the medication station but
on several occasions: when nurses were preparing mediations, on the way to the patients’
rooms, or working on the charting tasks at the nurse station. Moreover, as the medication
station is located in the nurse station, the nurse could be interrupted by questions while
preparing medicines or working on the documentation tasks. While the nurse transported
the medications from the nurse station to the patient rooms, he/she may have had to check
on another patient who had an alarm going off, or someone in the hallway may have
stopped him/her for questions.
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4.3.1.2 Orthopedic and Post-Partum, and Labor, Delivery, and Nursery Units
The Orthopedic and Post-Partum, and Labor, Delivery, and Nursery Units at
Hospital A on the same floor (Figure 4.4); thus, they had an identical medication
administration process. Here, the process represents in one flowchart (Figure 4.5). These
two units shared one medication station, which is located in the hallway (Figure 4.4). The
medication storage system in the hallway was bigger than the one in the Medical/Surgical
and Pediatric Unit. Medications not only are stored in a medication station for these two
units, but a larger medication cabinet was also located beside the station to store more
medications.

Figure 4.4 A medication station is located in the hallway between Orthopedics and PostPartum, and the Labor, Delivery and Nursery Units in Hospital A.
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Figure 4.5 shows the current medication administration process in the Orthopedic
and Post-Partum, and Labor, Delivery, and Nursery Units. Before administering the
medications, the nurse in these units pulls out patients’ MARs to review the medication
administration schedule. Due to the location of the medication storage system
(medication station and cabinet), nurses usually lined up one by one to access the
medications. Sometimes, nurses chatted while waiting in the line. Interruptions were also
observed when someone talked to a nurse while he/she accessed medications from the
medication storage system.
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Figure 4.5 Medication administration workflow for Orthopedic and Post-Partum, and Labor, Delivery, and Nursery Units in
Hospital A
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Once the nurse logged into the medication station to access the medication, he/she
also checked the MARs to see whether the patient needed an IV, and if necessary, the
nurse would access the IVs from a utility room. The utility room was located separate
from the nurse station, and all medical supplies were stored in the utility room. The IVs
or medical fluid bags were stored in the utility room because there was no space to store
big items in the medication station or cabinet.
Once the nurse prepared all the medications for the patient, the nurse usually
carried all the medications by hand and transported them to the patient’s room. Inside the
patient’s room, the nurse orally asked the patient’s name and the date of birth and verified
the information on the patient’s wristband. When the patient was ready to have the
medication, the nurse informed the patient of the medications being administered and
then gave the patient the medicine. After confirming that the patient had taken or applied
the medications properly, the nurse left the room and went back to the nurse station. The
nurse initialed their name beside all medication names on the patient’s MAR. After the
documentation, the nurse puts the patient’s MAR back to the folder.
In one scenario, if a patient needed an IV drug or fluid, the nurse would peel the
barcode sticker from the IV fluid bag before administering it. The nurse sometimes
pasted the barcode stickers onto their uniform. When the nurse returned to the nurse
station, the nurse inputted the barcode number manually to the computer. This procedure
can ensured that the system had a record of the patient’s consumption history for medical
supplies. After finishing all documentation for the patient, the nurse repeated the process
for the next patient.
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Similar to the Medical/Surgical and Pediatric Unit in the Hospital A, some
interruptions were observed in the Orthopedic, Post-Partum and Labor, Delivery, and
Nursery Unit. Interruptions occurred while the nurses were accessing medications from
the medication station or heading to the patient’s room in the hallway.
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4.3.1.3 Long-Term Care Unit
The Long-Term Care Unit in Hospital A was located on the third floor in the main
building (see Figure 4.1). Medications in the Long-Term Care Unit were usually stored in
a medication cart. Each patient was assigned a drawer in the cart, and the cart was kept in
a storage closet (room) within the nurse station.
In general, the medications in the cart were stored weekly for the patients. At the
beginning of each shift (7am for the morning shift, and 7pm for the evening shift), two
nurses in the unit would verify the amount of narcotics in the medication cart together.
Once the amount of narcotics in the cart were matched with patients’ MARs, both nurses
signed their names on the patients’ MARs. The signed MARs were faxed to the
pharmacy for further confirmation.
Figure 4.6 shows the current process of medication administration in the LongTerm Care Unit at Hospital A. To pass the medications in the Long-Term Care Unit,
nurses needed to push the medication cart to each patient’s room to administer the
medications. Nurses stopped the cart in front of the door to prepare the medications. First,
the nurse evaluated the patient’s status to verify that they were ready to take the
medications. For example, patients usually took their medication after breakfast. If the
patient was not ready for taking medicines, the nurse went to another room to administer
medication to that patient.
Sometimes, there was a sign on particular patient’s door to notify the nurse of
extra protections, such as wearing gloves or a gown before entering. These notifications
also appeared on the shift-change report.
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In the Long-Term Care Unit, the medication preparation processes were all
performed beside the medication cart in front of the patient room. The nurse needed to
unlock the cart and access corresponding medications from the patient’s drawer. Based
on the MARs, the nurse accessed the correct medications and the correct dose of
medications for a particular patient. A small plastic cup was used to contain the pills for
the patient. Before entering the patient room with the medications, the nurse needed to
ensure the rest of medications were stored properly and the drawer locked securely.
The nurse usually entered to patient’s room with the medications and patient’s
MARs. The nurse’s first task was to confirm patient’s identification. The nurse usually
asked patient’s name and the date of birth to assess the patient’s cognitive status, and
confirmed the identifications with the information on the patient’s wristband and MAR.
While administering the medicine, the nurse informed the patient of the name and
purpose of each medication. The nurse also needed to verify that the patient had applied
or taken the medications properly. Once the patient had done so, the nurse initialed their
name beside all medications on the MAR. Before leaving the patient’s room, the nurse
cleaned their hands again.
If the nurse had more patients that needed medications, he/she continued the
abovementioned process. If not, the nurse returned the medication cart to the storage
room at the nurse station.
Interruption was not observed in the Long-Term Care Unit at Hospital A. The
main reason could be that there was usually just one nurse per shift administering the
medications to all patients on the same floor.

105

106

Enter patient
room

Put medication
cart back in
storage room

Tell all
medications
names and
purposes to the
patient

Need
to put on gloves
to enter the
room?

No
Yes

Pass medicines

Put on gloves

Patient have
taken/applied
medications
properly

Unlock
medication cart
and open correct
patient’s drawer

Initial all
medications on
patient’s MAR

Get the correct
medication from
the drawer based
on MAR

Wash hands

Open correct
dose of
medication for
patient and put in
a small cup

Figure 4.6 Medication administration workflow for Long-Term Care Units in Hospital A
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4.3.2 The Differences in Medication Administration Processes among Departments
within Hospital A
Table 4.3 summarizes the breakdown of the task components of the current
medication administration process in each unit within Hospital.

Table 4.3 Medication administration process breakdown for each observation unit at
Hospital A
Number of repetitive tasks in
Symbol in
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Flowcharts

Description

Orthopedic and
Medical/Surgical

Post-partum and
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4.3.2.1 Documentation Tasks
From reviewing closely the medication administration workflow step by step
within three observation sites at Hospital A, the documentation tasks happened more
frequently in the Medical/Surgical and Pediatric Unit than that in other two units. The
documentation tasks conducted in the unit included nurses writing a note to remind them
of the patient’s medication schedule, crossing out medication time on the MARs when
inside patient’s room, and putting initials on each administered medications on the MARs
when back at the nurse station. In general, writing a note for the patient’s medication time
and crossing out medication time while patient is taking the medications were not
considered as formal documentation tasks. However, those tasks were usually used to
remind the nurses for future tasks. For example, the use of medication-schedule notes
reminding the nurse when to administer the medication to a cohort of patients on a daily
basis. Medication-schedule notes helped nurses reduce the workload for memorizing
which patient needed to be passed the medicine at a particular time. Comparing the
Medical/Surgical and Pediatric Unit to others, those units had less numbers of patients;
thus, the nurses in the other units did not write a medication-schedule note prior to
administering medication.
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4.3.2.2 Process Tasks
Process tasks are the main components of the medication administration process.
Those process tasks usually can be categorized into three major generic process tasks:
preparing medication, administering medication, and finalizing documentations. In
general, the nurse in the Long-Term Care Unit had more process tasks than other units
did in the category of preparing medications. The main reason is that nurses in the LongTerm Care Unit usually accessed and prepared medications beside the medication cart,
and the extra processes were when the nurses interacted with the cart, such as putting
extra medicine back into the drawer or locking and unlocking one particular patient’s
drawer.
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4.3.2.3 Preparation Tasks and Delay
Preparation tasks and delay were observed in the Medical/Surgical and Pediatric
Unit, the Orthopedic, Post-Partum Unit and Labor, Delivery, and Nursery Unit, but not in
Long-Term Care Unit. It is because nurses in the Medical/Surgical and Pediatric and
Orthopedic and Post-Partum Units needed to wait in line to prepare and access
medications from the medication station. However, the pharmacy technician usually
prepared medications in the Lon-Term Care Unit, and the only task for the nurse was to
pull the correct medications out. In addition, delay was not observed in the Long-Term
Care Unit, as there was only one nurse to administer medication on the floor. The nurse
did not need to wait for others to access the cart.
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4.3.2.4 Inspection/ Confirmation Tasks
Inspection or confirmation tasks were observed within all three units. In general,
nurses needed to confirm patient’s identification before passing the medications and
verify that the patient had applied medications properly after passing the medications. In
the Medical/Surgical and Pediatric Unit, some nurses checked the round sheet after
administering the medications. This particular task was observed rarely in other two
units.
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4.3.2.5 Transportation Tasks
The main transportation tasks during the medication administration process were:
the nurses walking from the medication storage sites (medication station or cart) to the
patient room and walking from patient’s room back to the medication storage sites.
Sometime, nurses would walk to the utility room to access medical supplies or tools
when preparing medications in the in Medical/Surgical and Pediatric, Orthopedic and
Post-partum, and Labor, Delivery, and Nursery Units. However, the nurse in the LongTerm Care Unit needed to head to the utility room to put the medication cart back after
administering medications on the floor.
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4.3.2.6 Storage Tasks
The nurses usually performed the storage task as putting the patients’ MARs back
into their folders after documenting any changes, and this task was observed in the
Medical/Surgical and Pediatric and Orthopedic and Post-Partum, and Labor, Delivery,
and Nursery Units. Patients in the Long-Term Care Unit did not have their own folder;
thus, this task was not observed. In addition, if the patient was not ready to take their
medications, the nurse stored the prepared medications securely in another place (a
drawer in the utility room); this was observed at the Medical/Surgical and Pediatric Unit.
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4.3.2.7 Manual Input Tasks
Manual input task was observed when the patient needed bar-coded medical
supplies. The nurses needed to enter the barcode numbers manually into the computer.
The purpose of this task was to trace a patient’s medical supplies usage for future billing.
This particular task was only observed in the Orthopedic and Post-Partum and Labor,
Delivery, and Nursery Units at Hospital A.
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4.3.3 Medication Administration Processes at Hospital C
Hospital C is a one-story building. Figure 4.7 shows the layout of the facilities at
Hospital C. Six observational periods (it is based on the number of patients) were
conducted during the morning medication administration rounds (8:00 am) within the
Medical/ Surgical Unit at Hospital C. The Medical/Surgical Unit was located on the first
floor in the right wing of the main entrance. In a general day, about three nurses work on
a wing, and they are assigned between three to six patients each.

Figure 4.7 The floor plan of Hospital C
The Medical/Surgical Unit at Hospital C used a medication cabinet (an Omnicell
system) to store the narcotics and special medications (more expensive ones) for the
patients. As the medication cabinet did not have a cooling function to store certain
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medications at their required temperature, a small, common refrigerator with a lock was
located near the medication cabinet (see Figure 4.8). For example, to administer insulin to
a patient, the nurse needed to log into the medication cabinet, access the key for the
refrigerator, and use the key to unlock the refrigerator door to obtain the insulin. After the
medication preparation, the nurse locked the door and put the key back in the medication
cabinet.

Figure 4.8 A schematic showing the medication cabinet and small refrigerator located
behind the Medical/ Surgical Unit nurse station in Hospital C
In addition, medication carts were used in the Medical/Surgical Unit. Some small
pills or less expensive medications were stored in the medication cart. Each patient on the
floor had his/her own drawer in the medication cart. Each nurse was assigned a
medication cart to work with, and a laptop computer was placed on the cart. Nurses
usually performed the charting and patient evaluation tasks by using this laptop computer
with an electronic health record system.
Based on the observation, nurses in Hospital C usually performed the
documentation and medication preparation tasks in an empty patient room (vacant room)
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on the floor. The main reasons nurses stayed in an empty room were (1) nurses preferred
sitting down (either on the bed or chair) when performing the computer tasks, (2) the
nurse station for the Medical/Surgical Unit was too small to work at, and (3) the nurse
preferred having a private working space while staying in an vacant room.
While passing medications to the patients, the Medical/Surgical Unit nurses at
Hospital C usually transported between the empty room, the medication room (where the
medication cabinet is located), the supply room, and patients’ rooms. Figure 4.9 shows
the current process of the medication administration within the Medical/Surgical Unit at
Hospital C.
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Figure 4.9 Medication administration workflow for the Medical/Surgical Unit in Hospital C
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Nurses in the Medical/Surgical Unit at Hospital C usually reviewed patients’
status and prepared medications in empty rooms. Hospital C was planning to switch from
an old EHR system to another system. Under using the old EHR system, nurses at
Hospital C had to document patients’ status both on the paper-based and computer-based
health record, simultaneously. However, all documentation tasks are going to done using
the new EHR system once implemented.
Prior to administering medications to the patients in the morning round (8:00 am),
unit nurses first reviewed all patients’ MARs, and wrote patients’ medication schedules
on a note. At 8:00 am, pharmacy technicians walked around the floor to stock medication
inventory in the medication cart. While waiting for the medications, the nurses usually
used this period to review or evaluate patients’ status on the existing EHR system.
To use the EHR system, the nurse needed to log into the system by entering the
identification and password. Interruptions were observed while the nurse was updating
patients’ status using the laptop on the medication cart. During this period, pharmacy
technicians would stop by the room to stock the inventory of medications; thus, the nurse
needed to stop the computer-based documentation task temporarily. Either the nurse or
the pharmacy technician needed to enter their pass codes to open the drawers in the
medication cart. This pass code was not the same as the one for logging into the
computerized EHR system.
Sometimes, the nurse finished the computer-based documentation, but the
pharmacy did not send medications to the floor. Thus, the delay of the medication
delivery postponed the medication schedule.
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As mentioned before, medications were stored at two locations in the
Medical/Surgical Unit: the medication cart and the medication cabinet in the medication
room (see Figure 4.8). To prepare the medications at the cart, the nurse needed to log into
the cart by typing in pass codes to access the medications. Interruptions were observed
during medication preparation tasks when the pharmacy technician restocked the
inventory. In general, tools for the medication preparation (e.g., scissors or pill splitter)
were stored around the cart, and nurse could prepare the medication at the cart. However,
some medications (such as, narcotics or insulin) were not stored at the medication cart,
but in a cabinet in the medication room. Here, the nurse needed to leave the empty room
and head to the medication room to get particular medications.
To access medications from the medication cabinet, the nurses needed to log into
the medication storage system (a medication cabinet) by inputting their own
identifications and passwords. If the medications were stored under the required
temperature, they would be in a locked refrigerator located in a small chamber near the
medication room (Figure 4.8). However, the key for the locked refrigerator needed to be
accessed from the medication cabinet. The workflow steps for getting medications from
the refrigerator are: (1) logging into the medication cabinet; (2) retrieving the key from
the cabinet; (3) closing the cabinet and logging out from the medication cabinet; (4)
transporting to another room; (5) unlocking the refrigerator; (6) getting medication from
the refrigerator; (7) once the medication has been retrieved, a certain medication on the
MAR must be initialed; (8) transporting back to the medication room; (9) logging into the
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medication cabinet; (10) putting the key back in the cabinet; and (11) closing the cabinet
and logging out from the medication cabinet.
As mentioned previously, expensive medications or narcotics usually were stored
in the medication cabinet or in the locked refrigerator. According to the facility’s policy,
when nurses prepared the medications, such as narcotic or insulin, they should have
another nurse to witness the medication preparation process. For this scenario, the nurse
needed to find an available nurse. Both nurses needed to confirm the correct type and
dose of medication, and both of them needed to initial the patient’s MAR.
Prior to administering medications to a particular patient, sometimes the nurse
needed to access medication supplies from a supply room for patient care. For example,
getting linen from the supply room to dress a patient’s wound. Once the nurse prepared
all the materials, supplies, or medications for the patient, the first task was to sanitize
their hands. When entering a patient room, the nurse greeted the patient, and asked their
name and the date of birth to verify the patient’s status and identification. If the patient
were ready for taking medicines, the nurse would tell the names and purposes of all
medications to the patient. Sometimes, there were barcode stickers on the bags of medical
supplies, so the nurse would peel them off and put them on their shirts or on the patient’s
MAR.
After passing the medication to the patient, the nurse needed to check if the
patient had applied the medicine properly. Once the patient had applied/taken the
medication properly, the nurse initialed all administered medications on the MAR.
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A clipboard hung outside the patient’s room to collect all barcode stickers. After
administering medicines to the patient, the nurse needed to paste all barcodes stickers on
the board. The billing service staff collected the sheet on the clipboard regularly. Bill
service charged the patient for consumed medical supplies based on those barcode
stickers.
On leaving the patient room, the nurse usually headed back to the empty room to
finish the documentation or to prepare the next patient’s medications. If no more patients
required medication, the nurse put the MAR back in the patient’s folder, and performed
the paper-based clinical documentation. After this, the nurse performed the computerbased documentation by logging into the EHR system.
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4.4 The Context-appropriate Medication Administration Process
4.4.1 The Context-appropriate Medication Administration Process at Hospital A
4.4.1.1 The Context-appropriate Medication Administration Process in the
Medical/Surgical and Pediatric Unit
According to the recorded medication administration processes in the
Medical/Surgical and Pediatric Unit at Hospital A, the focus group participants raised
few concerns about the procedures:
1. Note taking for medication schedule: Based on the observational data, nurses
usually liked to make a note to remind themselves about patients’ medication
schedules. However, the participants (nurse mangers) indicated that making a
note for the medication schedule was not a formal standard medication
administration procedure, but just individual preference.
2. Interruptions at the nurse station: The main reasons for interruptions while
nurses were using medication station are: pharmacy technicians stocked the
medicine around the same time; and the medication station was located on the
nurse station; thus, another nurse generally interrupted the medication
preparation tasks when engaging the conversation.
3. Availability of the medication: If the medications were not available for a
particular patient, the nurse needed to call pharmacy for the missing
medication during the day shift. In addition, if the medications were not ready
during the night shift, the nurse checked another station for medications.
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Furthermore, if the medications were not available in any medication station,
the nurse called the house supervisor for help.
4. Tools for medication preparation: Any tool for the medication preparation
needed be available before logging into the station and accessing the
medications at the medication station. Once nurses were logged into the
system, they should not leave the medication station to obtain associated tools.
Furthermore, all the medication preparation tasks should be processed in the
medication room, rather than at the medication station in the nurse station.
5. Patient cognitive and physical assessment: For the assessment of patients’
status before distributing medications, nurses not only needed to assess
patient’s cognitive status but also needed to assess a patient’s physical status,
such as blood pressure or blood sugar, before passing medications.
6. Not check round sheets at the same time: After passing medications to the
patient, the nurse sometime checked and initialed on the round sheets in the
patient room. However, nurse managers indicated that checking round sheets
was not a part of the medication administration process. The round sheets
should be checked once every hour, but not after passing the medicine.
7. Recheck patient is available to have medications: When the patient was not
ready for taking medications, nurses needed to ensure that the medications
were stored securely. However, nurse managers could not tell if there was any
policy or regulation for nurses to follow regarding when to recheck a patient’s
availability for the medications.
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8. Initialing the MARs in the patient’s room: Based on the observational data,
some nurses initialed on all medications on the MARs at the nurse station
after leaving the patient room. However, facility nurse managers had a
consensus about that nurse should initial medication on the MAR immediately
after distributing medication to the patient while inside the patient room.
The context-appropriate medication administration workflow in Medical/Surgical
and Pediatric Unit at Hospital A was modified based on the facility nurse mangers’
instructions, and this is depicted in Figure 4.10
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Figure 4.10 The context-appropriate medication administration process in Medical/Surgical and Pediatrics Unit at Hospital A
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4.4.1.2 The Context-appropriate Medication Administration Process in Orthopedics
and Post-Partum and Labor, Delivery, and Nursery Units
During the group discussion with nurse managers at Hospital A, the participants
raised some concerns regarding medication administration processes in the Orthopedics
and Post-Partum and Labor, Delivery, and Nursery Units:
1. IV fluids stored in utility room: Patients sometimes needed non-pharmacy fluids
when receiving the IV medications, and these fluids were usually stored in the
utility room near the nurse station. The IV fluids were generally stored in the
utility room due to space limitations in the medication station. In addition, the
utility room at Hospital A was used for storing cleaning equipment, such as mops,
mop buckets, and cleaning utensils.
2. Pulling medications at station but preparing medication at medication room:
Nurse Managers at Hospital A indicated that nurses should not prepare any
medication at the medication station. Medications should be pulled out of the
station but prepared in the medication room. Thus, nurse should carry the
medications to the medication room for the preparation, and all the medication
preparation tools should be in the medication room. However, there was an
exception for preparing the multi-dose vials, such as insulin. Nurses were allowed
to prepare the multi-dose vials at the medication station due as the glass bottles of
multi-dose vials were too fragile to be carried around.
3. Initialing on MAR whether administrating IV fluid or not: If there was remaining
fluid in the IV bag, the nurse needed to hang the new IV fluid bag beside the old
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one. Once the old IV bag ran out of fluid, the IV infusion pump sounded to
remind the medical staff to change to the new IV fluid. However, even if the old
IV bag was not out of fluid, the nurse still needed to initial the new IV medication
on the MAR.
4. Attach and store barcode stickers securely: The barcode stickers peeled from any
medical supply or medication should not be attached (pasted) on the nurse’s shirt;
instead, it is recommended putting them on a piece of paper and storing them
securely.
5. Enter the barcode number on the computer system whether the IV fluid is
administered or not: Even if the new IV fluid bag was not replaced or
administered to the patient, the nurse needed to input the barcode number from
the new IV fluid bag into the computer for the documentation.
The nurse managers also emphasized that several tasks should be performed
accurately across all units at facility, such as confirming patients’ names and birthdays,
informing patients of all medications’ names and purposes, and verifying patients have
applied/taken their medications properly. The context-appropriate medication
administration workflow in Orthopedics and Post-Partum and Labor, Delivery, and
Nursery Units at Hospital A was modified based on facility nurse mangers’ consensus,
and it is depicted in Figure 4.11.
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Figure 4.11 The context-appropriate medication administration process in Orthopedics and Post-Partum and Labor, Delivery,
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4.4.1.3 The Context-appropriate Medication Administration Process in Long-Term
Care Unit
Based on the observational data from the medication administration process in the
Long-Term Care Unit at Hospital A, the nurse managers provided less comment for the
procedure in this unit. However, the nurse managers still emphasized importance of
distributing the correct medication at the correct time, with the correct dose to the correct
patient. Figure 4.12 shows the context-appropriate medication administration workflow
in the Long-Term Care Unit at Hospital A.
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4.4.2 The Context-appropriate Medication Administration Process at Hospital C
Prior to discussing the context-appropriate medication administration process at
Hospital C, some distinguished operational characters between two facilities needed to be
demonstrated. The main differences in the medication administration process between
Hospital A and C can be categorized into three major topics:
1. At Hospital C, the medications were not only stored at the medication station, but
part of medications also some were stored in the medication cart for each nurse.
In addition, a locked refrigerator was located in a small chamber nearby the
medication room, and this refrigerator was used to store the medications with the
required temperature. The key for unlocking the refrigerator could be accessed
from the medication station.
2. For preparing narcotics or insulin at Hospital C, the nurse needed to find another
nurse to witness the medication preparation.
3. Due to the limited space in the nurse station at Hospital C, each nurse occupied
and worked in an empty patient room. They nurse usually prepared medications
and performed the clinical documentation in the room.
A focus group was held at the Hospital C to investigate the context-appropriate
medication administration workflow. The participants included the unit nurse managers
from the emergency department (ED), the Critical Care Unit (CCU), and the Medical/
Surgical Unit. All the participants focused on the observational flowchart describing the
medication administration process and discussed the context-appropriate practice within
the facility.
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The group discussion with nurse managers at Hospital C raised some concerns
regarding the medication administration process in Medical/Surgical Unit:
1. Note taking for medication schedule: Comments are similar to ones from the
discussion at Hospital A, as Hospital C nurse managers also indicated that it was
not a standard procedure to write a note for patients’ medication schedules before
passing the medication. This task was nurses’ personal preferences.
2. Medications not delivered from the pharmacy on time: Some delays occurred
while nurses waited for pharmacy technicians to stock the medication during the
morning shift. In fact, the medications should be stocked in the medication cart
before the shift. The nurses should pull out patients’ medication and delivery at
the correct time. The participants indicated that the facility does not have a 24hour pharmacy, and the pharmacy staff’s working hours are from 8 am to 5 pm
every day.
3. Patient cognitive and physical assessment: Diabetic patients needed their blood
sugar checked before taking medicines. As the glucometer was placed and
charged in the medication room, the nurse needed to access the glucometer from
there. In addition, the nurse should check the patient’s blood sugar before
preparing the medication. Sometimes, the patient’s blood sugar index indicated
that the patient was not ready to take the medications.
4. Recheck patient is available to have medications: When the patient was not ready
for their medications, there was no clear policy or regulation for the nurse to
follow regarding when to recheck the patient’s availability for the medicine.
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5. Preparing medications for one patient one at a time: As some controlled
medications (e.g., insulin and narcotics) are stored in the medication station in the
medication room, the nurse needed to go to the medication room to prepare the
medications. However, the nurse managers indicated that nurses should not
prepare medications for more than one patient at a time in the medication room.
The standard work procedure for preparing controlled medications for two
patients should be: (1) preparing medication for a patient based on particular
patient’s MAR in the medication room; (2) locating another nurse to confirm the
medication and its appropriate dose, and both nurses should initial the MAR; (3)
heading to the patient’s room to administer the medication; (4) finishing all
clinical documentations for this particular patient; and (5) heading to the
medication room to prepare the medication for the next patient, and repeating
steps (1) to (5) step. Though preparing more than one patient’s medications in the
medication room at same time could save time, it could result in interrupting
another nurse’s work by being a witness for the medication preparation;
nevertheless, the incorrect dose or medication could be given to the patients.
The context-appropriate medication administration workflow in Medical/Surgical
Unit at Hospital C was modified based on facility nurse mangers’ comments and is
depicted in Figure 4.13.
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Figure 4.13 The context-appropriate medication administration process in Medical/Surgical Unit at Hospital C
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4.5 Conclusion
Observational studies were conducted to elicit the medication administration
process in five units across two rural hospitals. The medication administration workflow
charts were illustrated for better visualization of the current work procedures. In addition,
follow-up focus group discussion boards with nurse managers were held to identify the
“context-appropriate” medication administration processes for rural healthcare facilities.
The context-appropriate medication administration workflows were then modified and
depicted into the revised flowcharts.
To gain or explore an understanding of how implementing an EHR system would
cause potential impacts to the medication administration process, a detailed examination
of each task step within the current drug administration process is needed. In addition, to
present the current medication administration process information in a clear and easy
modality, the first step would be to conduct further investigations. The hierarchical task
analysis (HTA) is a systematical tool for presenting the task steps in a hierarchical
structure and sequential workflow (Shepherd and Stammers, 2005). A HTA is helpful for
analyzing the practical framework with a specific goal and work steps in the correct
order. Each task in the HTA needs to be addressed with an ordinate number, and this
number is used to present the level of the tasks or goals. In the HTA, task steps
(activities) can be broken down into clusters with further analysis into those sub-groups.
Figure 4.14 shows a HTA for the medication administration process. It was
depicted based on the context-appropriate medication administration process flowcharts
within the five units across two rural hospitals. Some tasks in the diagram of the HTA do
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not apply to all scenarios or settings. Thus, short descriptions are provided in the HTA
diagram to demonstrate how to achieve a set of goals (plan). For example, to achieve the
second level plan, Plan 1 (review medication administration records), the practitioners
need to finish 1.1 “gather all MARs for the shift”, 1.2 “read MARs”, and 1.3 “prioritize
the medication administration schedule” in that order. Furthermore, to execute 1.2 “read
MARs”, practitioners need to finish tasks 1.2.1 to 1.2.5 in the sequence.
Using an HTA to present the context-appropriate medication administration
process is the first step in demonstrating the complexity of clinical workflow. The HTA
results can also be used to investigate all potential concerns while implementing a new IT
system (e.g., EHR) for the medication administration process at rural hospitals.
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medication
administration
schedule

<Plan 1.2: do 1.2.1 to 1.2.5 in order>

1.2
Read MARs

1.2.2
Read drug
name

2.4.1.1
Log into the
cart and
unlock the
drawer

1.2.1
Read patient
name

1.1
Gather all
MARs for the
shift

<Plan 1: do 1.1, 1.2,1.3 in order>

1
Review
MARs

<Plan 0: do 1, 2, 3, 4 in order>

0
Administer
medication to
patient
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2.4.5.2.3
Check dose

2.4.5.2.2

Check dose

Check label

Check label

2.4.5.1.3

2.4.5.1.2

Access needle
and syringe

2.4.5.2.4

2.4.5.1.4
Cut/separate/
measure up
the
medications

2.4.5.2

2.4.5.2.5
Measure out
the
medication

2.4.5.1.5
Lock up the
container/
drawer/
station

2.4.5.2.6
Draw up the
solution from
vial

do 2.4.5.2.1
to 2.4.5.2.6

Plan 2.4.5.2:

Pull out
injection
medications

Yes

2.4.5.2.9
Lock up the
container/
drawer/
station

do 2.4.5.2.9
then exit

do 2.4.5.2.7
to 2.4.5.2.9
then exit

2.4.5.3.2
Check label

Check dose

2.4.5.3.3

2.4.5.3.4
Lock up the
container/
drawer/
station

<Plan 2.4.5.3: do 2.4.5.3.1 to 2.4.5.3.4 in order >

2.4.5.2.8
Two nurses
initial the
MAR

No

Need a witness
procedure in
the facility?

2.4.5.3.1

Yes

Take out IV
fluid bag

2.4.5.2.7
Find another
nurse to
confirm the
medication
(type and
dose) for a
particular
patient

No

Is it a
controlled
medication
(narcotics or
insulin)?

2.4.5.3
Pull out
intravenous
(IV) fluid
medications

Figure 4.14 Hierarchical task analysis of medication administration process (continued)

2.4.5.2.1
Take the
medication
from glass
vial

2.4.5.1.1
Take the
medication
from the
container

<Plan 2.4.5.1: do 2.4.5.1.1 to 2.4.5.1.5 in order >

2.4.5.1
Pull out
general
medications
(oral pill,
patch, cream,
or liquid)

<Plan 2.4.5: do 2.4.5.1 or/and 2.4.5.2 or/and 2.4.5.3 according to patient's MAR>

2.4.5
Prepare
medication
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3.1.4
Evaluate
patient’s
status for
passing
medication

3.2.3
Present pills
and water to
the patient

3.3.2
Apply/store
the sticker
properly

3.3.1
Peel off
barcode
sticker from
IV bag

3.3.3
Tell
medication
names and
purposes to
the patient

3.2.4
Help/observe
patient taking
medications

<Plan 3.2: do 3.2.1 to 3.2.5 in order>

3.1.3
Check
patient’s ID
and
medications
on the MAR

3.2.2
Tell
medication
names and
purposes to
the patient

3.1.2
Greet and ask
patient’s name
and date of
birth

3.3.4
Hang up the
IV fluid bag

3.2.5
Check the
patient has
applied
medications
properly

3.2
Pass
oral pills

3.5.1
Tell
medication
names and
purposes to
the patient

3.3.5
Attach the
tube

3.3.6
Assemble the
infusion pump

3.4.4
Inject
medication into
vein/muscle/
subcutaneously

3.5
Pass other
medications
(cream, patch,
or liquid)

3.3.7
Program the
infusion pump

3.3.8
Check/
monitor IV
flow

3.5.3
Help/observe
patient
applying
medications

3.5.4
Check the
patient has
applied
medications
properly

<Plan 3.5: do 3.5.1 to 3.5.4 in order>

3.4.3
Tell
medication
names and
purposes to
the patient

3.5.2
Present
medications
to the patient

3.4.2
Prepare
patient for the
injection

<Plan 3.4: do 3.4.1 to 3.4.4 in order>

3.4
Pass injection
medications

<Plan 3.3: do 3.3.1 to 3.3.8 in order>

3.4.1
Check
resolution in
syringe and
remove air
from syringe

3.3
Pass IV fluid
medications

Figure 4.14 Hierarchical task analysis of medication administration process (continued)

3.2.1
Prepare water
or juice

3.1.1
Wash hands

<Plan 3.1: do 3.1.1 to 3.1.4 in order>

3.1
Preparation
for passing
the
medication

<Plan 3: do 3.1 then 3.2 or/and 3.3 or/and 3.4 or/ and 3.5 according to patient’s MAR>

3
Pass
medications

In addition, a hierarchical task analysis diagram also can be presented in a tabular
format to demonstrate the detailed evaluations for each task. This tabulated HTA
methodology is a good way for developing appropriate procedures for both system
engineering practices for the analysis, and the medical staff performing the tasks or
avoiding the errors.
Based on the results of the field study and focus groups, Table 4.4 summaries the
observed errors in the current medication administration process at two studied rural
hospitals. Each task in the table was assigned with a number to present the order of the
task, and the description column was used to indicate errors that had been observed in a
task. Tasks with stars indicate tasks only occurred before implementing the eMAR and
barcode scanning system.
In conclusion, this chapter elaborated a series of detailed research methodologies
to model and describe the medication administration process before implementing EHR
system in the rural hospitals. Similar methodologies were used to analysis the medication
administration process after implementing the new IT system. The detailed comparisons
of medication administration workflow in pre- and post-implementation of EHR would
be discussed in the next chapter.
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Task

2.2.1 Head to the nurse station

2.2 Get tools for drug preparation

2.1 Carry MARs to drug storage location*

1.2.1
1.2.2
1.2.3
1.2.4
1.2.5
1.3

Read patient name
Read drug name
Read drug form
Read drug dose
Read drug administration time
Prioritize medication administration
schedule*
2 Medication preparation

1.2 Read MARs*

0 Administer medication to patient
1 Review medication administration
records (MARs)
1.1 Gather all MARs for the shift*

Step

Some nurses would prepare medications for more than one patient at a
time. Medications would be stored in the pocket and transported from
room to room
Carrying MARs and medications around not only impacts the clinical
workaround when the workspace is small, but also causes the MARs and
medications to become smudged or contaminated
If the tools were not around the nurses, they would temporarily leave the
medication preparation site and therefore leave the cabinet or drawer
opened. As a result, the medications would be contaminated or lost.
Interruptions could happen while nurses talked to each other in the
hallway or at the nurse station

Nurses failed to locate patients' MARs due to other staff having
relocated them. In addition, it could happen when the pharmacy did not
send (fax) the up-to-date MARs to the nurse station
The legibility of the paper-based MARs is reduced due to their being
folded, crinkled, smudged or covered by notes on them

Misconduct or violation of work standards in the medication
administration process within two rural hospitals

Table 4.4 Tabular hierarchical task analysis in summarizing the errors of medication
administration process
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Task

Gather essential tools
Get medical supplies for patient
Head to the supply room
Search for relevant supplies
Gather essential supplies
Obtain medications
Get medication from the cart

2.4.3 Get medication from controlled
cabinet

2.4.2.1 Log into the station and unlock the
drawer
2.4.2.2 Locate the correct medication
chamber
2.4.2.3 Open the chamber

2.4.1.3 Open the drawer
2.4.2 Get medication from the station

2.4.1.1 Log into the cart and unlock the
drawer
2.4.1.2 Locate the correct drawer

2.2.3
2.3
2.3.1
2.3.2
2.3.3
2.4
2.4.1

2.2.2 Search for tools for medication
preparation

Step

The chamber was filled too full with drugs and caused the cover of the
chamber to be hard to open

Medications are not available in the medication station due to the
pharmacy not stocking the inventory on time

Patient's drawer is missing, or patient changed rooms without switching
the drawer to the correct cart accordingly

Medications were not available in the medication cart due to the
pharmacy not stocking the inventory on time

Interruptions happened while nurses walked around on the floor
Failed to locate the medical supplies due to the supplies being relocated
Failed to get the medical supplies due to the supplies being out of stock

Misconduct or violation of work standards in the medication
administration process within two rural hospitals
Failed to locate the medication preparation tools due to the tools being
relocated, being occupied by other staff, or lost. Nurses needed to spend
extra time or to walk around to find them out

Table 4.4 Tabular hierarchical task analysis in summarizing the errors of medication
administration process (continued)
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Task

2.4.5.2 Pull out injection medications
2.4.5.2.1 Take the medication from glass vial
2.4.5.2.2 Check label*

2.4.5.1.4 Cut/separate/measure out the
medications
2.4.5.1.5 Lock up the container/drawer/station

2.4.5.1.3 Check dose*

2.4.4 Call supervisor for missing
medication
2.4.5 Prepare medication
2.4.5.1 Pull out general medications (oral pill,
patch, cream, or liquid)
2.4.5.1.1 Take the medication from the
container
2.4.5.1.2 Check label*

2.4.3.2 Unlock the controlled cabinet

2.4.3.1 Get keys for controlled cabinet

Step

Texts on the drug package are too small for some nurses to read, or
ambient lighting is too dim to read the label

Texts on the drug package are too small for some nurses to read, or
ambient lighting is too dim to read the label
Texts on the drug package are too small for some nurses to read, or
ambient lighting is too dim to read the label
Appropriate tools (e.g., pill splitter or pill crasher) for the task were
missing
Nurses sometimes temporarily leave the medication preparation site
(e.g., finding another nurse or tool) without locking up the medication
drawer or station securely, and leave the cabinet or drawer opened so
that the medications could be contaminated or lost.

Misconduct or violation of work standards in the medication
administration process within two rural hospitals
Keys were missing due to being held by another nurse. Thus, the nurse
would need to walk around to find the key holder
Keys should be returned once obtaining the medication from the
controlled cabinet, but some nurses did not return them immediately, and
kept the keys in their pocket for the whole shift
Sometimes supervisors could not be located or they did not answer the
phone promptly

Table 4.4 Tabular hierarchical task analysis in summarizing the errors of medication
administration process (continued)
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Task

2.4.5.3.4 Lock up the container/drawer/station

2.4.5.3.3 Check dose*

2.4.5.3.2 Check label*

2.4.5.3 Pull out intravenous (IV) fluid
medications
2.4.5.3.1 Take out IV fluid bag

2.4.5.2.5 Measure out the medication
2.4.5.2.6 Draw up the solution from vial
2.4.5.2.7 Find another nurse to confirm the
medication (type and dose) for a
particular patient
2.4.5.2.8 Two nurses initial the MAR
2.4.5.2.9 Lock up the container/drawer/station

2.4.5.2.4 Access needle and syringe

2.4.5.2.3 Check dose*

Step

IV fluid bags are usually too big to fit in the medication station or cart.
Thus, nurses need to spend extra time accessing the fluids from other
sites (e.g., supply room or utility room)
Texts on the drug package are too small for some nurses to read, or
ambient lighting is too dim to read the label
Texts on the drug package are too small for some nurses to read, or
ambient lighting is too dim to read the label
Due to the limited space, IV fluid bags are stored in the utility room with
other cleaning equipment and this could cause hygiene issues

Nurses sometimes temporarily leave the medication preparation site
(e.g., finding another nurse or tool) without locking up the medication
drawer or station securely, and leave the cabinet or drawer opened; the
medications could be contaminated or lost.

It could interrupt other staff, and the nurse's task was idle to while
waiting for an available nurse

Misconduct or violation of work standards in the medication
administration process within two rural hospitals
Texts on the drug package are too small for some nurses to read, or
ambient lighting is too dim to read the label
Without needles or syringes around for a specific task, nurses need extra
travel to the supply room to get them
Ambient lighting is too dim to measure out the medications accurately

Table 4.4 Tabular hierarchical task analysis in summarizing the errors of medication
administration process (continued)
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Pass medications
Preparation for passing the medication
Wash hands
Greet and ask patient’s name and date
of birth

3
3.1
3.1.1
3.1.2

3.2.2 Tell medication names and purposes
to the patient
3.2.3 Present pills and water to the patient
3.2.4 Help/observe patient taking
medications
3.2.5 Check that patient has applied
medications properly
3.3 Pass IV fluid medications
3.3.1 Peel off barcode sticker from IV bag*

3.2 Pass oral pills
3.2.1 Prepare water or juice

3.1.4 Evaluate patient’s status for passing
medication

3.1.3 Check patient's ID and medications on
the MARs*

Task

Step

Barcode sticker is hard to peel off, and caused the damages to the
barcode

Some nurses omit this step. Make sure the patient has taken/applied all
the medications properly

Sometimes, patient would drop pills without the nurse noticing

Nurses need extra travel to access water and juice for passing drugs to
the patient.
Some nurses omit this step. It is necessary to inform patients what
medications they are taking and what the purposes of those drugs are

Nurses forget to sanitize hands which could harm themselves & patients.
Nurses forget to greet the patient before passing drugs. Greeting the
patient is not only for confirming the patient's identifications, but it can
also be used to assess the patient's cognitive status
Old and smudged wristband makes it difficult to read the patient's
information. Paper-based MARs that are marked with notes, folded, and
crinkled would cause patient's information on the MARs to be less
legible
Tools are not around for evaluating patient's physical status (e.g.,
glucometer for checking the blood sugar). Nurses need extra
transportation to access devices to evaluate patient

Misconduct or violation of work standards in the medication
administration process within two rural hospitals

Table 4.4 Tabular hierarchical task analysis in summarizing the errors of medication
administration process (continued)
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Task

3.4.3 Tell medication names and purposes
to the patient
3.4.4 Inject medication into to
vein/muscle/subcutaneously
3.5 Pass other medications (cream, patch,
or liquid)
3.5.1 Tell medication names and purposes
to the patient
3.5.2 Present medications to the patient

3.3.5
3.3.6
3.3.7
3.3.8
3.4
3.4.1

Attach the tube
Assemble the infusion pump
Program the infusion pump
Check/monitor IV flow
Pass injection medications
Check resolution in syringe and
remove air from syringe
3.4.2 Prepare patient for the injection

3.3.3 Tell medication names and purposes
to the patient
3.3.4 Hang up the IV fluid bag

3.3.2 Apply/store the sticker properly*

Step

Some nurses omit this step. It is necessary to inform patients what
medications they are taking, and what the purposes of those drugs are

Without appropriate tools (e.g., sterile cottons or alcohol pads) around
for the task. Nurses need extra transportation to get them
Some nurses omit this step. It is necessary to inform patients what
medications they are taking, and what the purposes of those drugs are

Misconduct or violation of work standards in the medication
administration process within two rural hospitals
Barcode stickers could be missed or damaged while applying on
improper places such as, pasting stickers on nurses' shirts
Some nurses omit this step. It is necessary to inform patients what
medications they are taking, and what the purposes of those drugs are
Fail to change the new IV fluid due to the old one still has remains.
Nurses need to wait for the beep sound from IV infusion pump once the
old IV fluid runs out

Table 4.4 Tabular hierarchical task analysis in summarizing the errors of medication
administration process (continued)
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Task

Some nurses forget to initial on the MARs in the patient’s room right
after administering medications
Nurses forget to sanitize hands which could harm themselves and
patients.

Some nurses omit this step. Make sure the patient has taken/applied all
the medications properly

Misconduct or violation of work standards in the medication
administration process within two rural hospitals

4.3 Head to nurse station
Failed to enter barcode numbers into the computer due to the barcode
4.4 Enter barcode number into the
computer*
stickers being lost, smudged, or unreadable
Nurses prepare drug for the next patient and forget to return the previous
4.5 Put MARs back into the patient’s
folder*
patient's MARs immediately
*Tasks only occurred before implementing the eMAR and barcode scanning system

4.2 Wash hands

3.5.3 Help/observe patient applying
medications
3.5.4 Check that patient has applied
medications properly
4 Finalize documentation
4.1 Initial all medications on the MARs*

Step

Table 4.4 Tabular hierarchical task analysis in summarizing the errors of medication
administration process (continued)
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CHAPTER FIVE
CONTEXT-APPROPRIATE RECOMMENDATIONS FOR ELECTRONIC HEALTH
RECORD SYSTEMS AT RURAL HEALTHCARE FACILITIES

5.1 Introduction
Detailed procedures for describing the complexity of medication administration
processes at rural healthcare facilities were discussed in Chapter Four. The facility
managers validated the context-appropriate, paper-based medication administration
processes at rural healthcare facilities to ensure the observed data reflect current status.
To develop a series of recommendations for EHR implementation for the
medication administration process within small-scale rural healthcare facilities, similar
methodologies from Chapter Four were applied to extract a step-by-step procedure of the
medication administration while using the new EHR system. A comprehensive task
analysis technique was used to document detailed work procedures and then it was
exanimated carefully for potential errors in each single task.
Before providing the recommendations for the EHR system implementation,
comparisons of potential errors in pre- and post-EHR system implementation will be
presented to demonstrate the evolution of workflow in terms of the medication
administration process at the rural healthcare facilities. Thus, following topics are
covered systematically as follows:
(1) Observed errors before implementing the new EHR system;
(2) Observed errors after implementing the new EHR system;
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(3) Errors that could be prevented by using the new EHR system;
(4) Observed errors in both pre- and post-EHR systems;
(5) Other observed errors when using EHR system.
With the listed errors observed in the medication administration process, the
responding interventions (recommendations) to these errors were developed to improve
the process while using new EHR system.
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5.1.1 Causes of Errors in the Medication Administration Process
The medication administration process is considered a combination of a series of
complex tasks that involve interactions between multidisciplinary medical staff, such as
physicians, pharmacists, and nurses (Fraind, Slagle, Tubbesing, Hughes, and Weinger,
2002; Grigg, Garrett, and Craig, 2011). In general, there are five phases for passing
medications to the patients: prescribing, documenting, propagating, administering and
monitoring (Agrawal, 2009; Aspden, 2007). Regarding the causes of the medication
errors in the administration phase, Lane, Stanton, and Harrison (2006) pointed out that
various factors often caused the errors in the medication administration, and that a single
error could be related to a combination of these factors.
For example, previous works showed that the medication administration errors
were highly correlated with illegible hand writing prescriptions and the number of
patients per nurse (Ghaleb, Barber, Franklin, and Wong, 2010; Tissot et al., 2003), and
that these two errors could be categorized into tool and organizational factors,
respectively. Another organizational factor, interruptions in the clinical activities, was
one commonly reported cause for medication administration errors (Wakefield,
Wakefield, Uden-Holman, and Blegen, 1998; Westbrook, Woods, Rob, Dunsmuir, and
Day, 2010). Communication failure among medical staff also played an important role,
leading to medication administration errors (Fortescue et al., 2003; Pape, 2003). From
the task point of view, deviating and violating the drug administration protocol were also
documented as common causes for the medication administration errors (Agich, 1993;
Alper et al., 2012; Eisenhauer, Hurley, and Dolan, 2007; Grasso, Genest, Jordan, and
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Bates, 2003; Manias, Aitken, and Dunning, 2005; Wolf et al., 2006). In addition,
Calabrese et al. (2001) indicated that a particular type of medication, IV medication, was
highly correlated to medication errors due to nurses setting a wrong IV infusion rates for
a patient.
The health information technology (HIT) system has been realized as a solution to
reduce medication administration errors in the healthcare sectors (Bates et al., 1998; Poon
et al., 2010). For example, one component of the EHR system, the barcode scanning
system, has been reported to reduce errors in verifying medications in the pharmacy
(Poon et al., 2006). In addition, the barcode scanning system can reduce medication
administration errors in verifying patients’ identifications and medications information on
the floor (Morriss et al., 2009; Paoletti et al., 2007; Patterson, Rogers, and Render, 2004).
Although the HIT could reduce some errors in the conventional medication
administration process, previous work also showed that new types of problems could be
generated in certain clinical activities because of the new IT tools (Berger and Kichak,
2004; Han et al., 2005; Koppel et al., 2005; Patterson, Cook, and Render, 2002). The
evolved medication administration process caused by initiating a new EHR system for
resource-limited rural healthcare facilities should be evaluated carefully. A series of
customized EHR implementation recommendations for rural hospitals should be provided
to overcome the obstacles of the transition to EHR adoption.
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5.2 Method
To develop a roadmap of the EHR implementation preparation guidelines for the
medication administration process in the rural healthcare facilities, the contextappropriate recommendations of a medication administration workflow, established in
Chapter Four, can be used as a basic scheme for investigating the new model. Semistructured group discussions (focus groups) were used to elicit the nurses’ concerns in
implementing the new EHR system for the medication administration during training
sessions for the new system.
After two months of implementing the new IT system, a follow-up observation
was conducted to investigate the changes in the workflow regarding the medication
administration process. A Human Factors Engineering graduate student (the author)
completed the focus group and field studies. Faculty investigators and facility managers
monitored and reviewed the group discussion and observational data to ensure the
validity of the results.
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5.2.1 Study Facility (Setting) and Participants
The focus group and field study were held in a small-rural South Carolina hospital
(Hospital C). Since Hospital C is in the transition of implementing the new bar code
mediation administration (BCMA) system, the hospital was selected as a study site in the
current project. The transition also included the replacement of the old clinical
documentation system with a new computerized physician order entry (CPOE) and an
electronic clinical documentation system. These three systems (BCMA, CPOE, and the
electronic clinical documentation systems) are the major components of the general EHR
system in the healthcare facilities.
Regarding the new EHR system in the Hospital C, the new system (new software
and hardware) replaced the laptops on the medication carts. Each new laptop attaches
with a wired barcode scanner for the new BCMA process. In general, nurses need to log
into the new EHR system to scan barcodes on patients’ wristbands to verify patient
identification. After verifying patient information, nurses log into the medication cart or
station to obtain the medications and to scan the medications’ barcodes while
administering them.
All the nurses in Hospital C were invited to participate in this study. Facility
managers informed all nurses about the focus group study during the new IT system
training session. Facility managers notified all facility nurses about an observation study
after the new EHR system was implemented. All the study participants were voluntary
and recruited by their willingness. For either focus group or observational study, the
participant was informed of the research protocols in advance. All participants were
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required to sign a consent that specifies that there were no adverse consequences for
terminating or withdrawing from the study. Clemson University Institutional Review
Board (IRB) approved all the research protocols.
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5.2.2 Research Protocols and Data Collection Instrument
5.2.2.1 Focus Group
The main purpose of the group discussion was to investigate staff’s concerns
regarding the new IT system for the medication administration process. Two rounds of
focus groups were held in Hospital C, and each focus group session was around one hour
held immediately following the new system training class. A Human Factor graduate
student (the author) served as a facilitator during the focus group discussions. Before the
group discussion, a context-appropriate medication administration flowchart for Hospital
C and probe questions for the focus group were presented to all participants (please see
Figure 4.13).
Appendix E shows the detailed probe questions for the focus groups. The probe
questions were designed based on the cluster of tasks for a particular workplace in the
facility. In general, nurses normally walk around between the private working space, the
medication room, the medical supply room, and the patients’ rooms while passing out the
medications. The private working space is the space where the nurses conduct the clinical
documentation. In this study, the nurses in Hospital C usually occupied empty rooms for
charting tasks. The probe questions were used to address potential issues in each
medication administration task in a particular site.
During the group discussion, the facilitator (the author) went through the probe
questions based on the medication administration steps on the flowchart. The researcher
explained the purpose of focus groups to encourage participants to discuss with and talk
to each other rather than just addressing the facilitator (Kitzinger, 1995). The discussion
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data were recorded on a note pad. Faculty investigators monitored all discussion data to
ensure the quality of study.
Data analysis of this section focused mainly on documenting the participants’
concerns on how the new IT system would impact medical staff’s medication
administration tasks in the near future.

160

5.2.2.2 Direct Observation
The field study in this section focused on documenting the medication
administration process after implementing a new EHR system in Hospital C. The
researcher (the author) shadowed nurses as they were distributed medications to patients
during the morning round (starting at 9 am). The same structured field note sheet used in
the Chapter Four (please see Table 4.1) was used to document the nurses’ administering
medication tasks after implementing the new system.
Similar study procedures to those used in Chapter Four were applied in this
section. The researcher recorded the detailed medication administration tasks when using
the new IT system. The collected information was: (1) time to perform a specific task
(when); (2) patients’ room numbers for identification; (3) type and number of
medications for the patient; (4) any interruptions during the task; (5) types of nursing
tasks; and (6) types of documentation tasks performed by nurses. All observation data
were kept confidential. No personal identifiable information for nursing staff and patients
were recorded.
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5.3 Results of Focus Group
Two rounds of focus groups were held in Hospital C on May 2012. The first
session was held 10 days before the new system “go-live”, and the second one was held
three days before the new system “go-live”. Both sessions were held right after the last
training classes for the new system in the facility. The focus groups participants were five
registered nurses from the Medical/Surgical Department and three from the CCU/ER. All
participants were female, and the average age was 43.75 years old.
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5.3.1 Tasks in the Private Working Space
Before implementing of the new EHR system, nurses in Hospital C usually
performed the clinical documentation and prepared the medication in a private working
space (i.e., a vacant patient room). The focus group participants raised some possible
alternatives regarding their daily tasks for incoming new IT tools.
1. All MARs will be exchanged electronically
The nurses believed no more paper-based MARs would need to be printed and
that all MARs would be presented or exchanged via the new IT system.
2. Nurses would have liked to have a note for the medication-passing schedule
Participants still thought they would browse all patients’ MARs at the beginning
of the shift and make notes to remind themselves of the patients’ medication schedules,
rather than logging into the system to check medication schedule all the time. They also
mentioned another benefit to having a note; it avoids a screen-to-screen comparison while
charting.
3. Medication cart must be pushed into the patient’s room
Since the new system includes the barcode scanning system, nurses believed that
they would have to push the cart (with a laptop computer) into the patient’s room for
barcode scanning tasks. In addition, nurses believed that they would need to prepare the
medications in the patient’s room instead of the empty room.
4. Pharmacy technicians would have difficulties in locating a particular
medication cart to restock medication
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Since the nurses would prepare the medications in patients’ rooms (not in a fixed
location), pharmacy technicians would have difficulties in locating a particular
medication cart to restock medication.
5. Performing clinical documentations in the private work place
Nurses need to push the medication cart to the patient’s room for passing
medications, therefore, they believed they would perform the clinical documentation
(charting) in a private working space (an empty patient room). The main reason for
avoiding charting in patients’ rooms is that nurses believed there would be many
interruptions from patients while they are performing the documentation tasks in patients’
rooms.
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5.3.2 Tasks in the Medication Room
Some expensive or controlled medications in Hospital C were stored in the
medication station in the medication room. In addition, medications with the required
temperature were stored in a locked refrigerator in the medication room. Thus, the
medication room was one place for medication preparation in the facility. The focus
group participants raised some concerns regarding performing tasks in the medication
room.
1. Nurses were not sure whether they should scan medications in the medication
room
Participants were not sure where they were going to scan the drugs obtained from
the medication room. Some nurses believed that they needed to obtain drugs from the
medication room, and bring those drugs to the patient’s room and to scan them. Some
participants mentioned that they preferred having a barcode scanning system in the
medication room for checking out the medications. However, it is not clear whether there
is a plan to install a scanning system in the medication room.
2. Nurses are not sure how to perform the “witness process” with the new system
Participants mentioned that they are not sure how to perform the witness process
(e.g., a second nurse comes verifying the nurse while preparing the correct type and dose
of insulin and narcotic) once the new IT system has been installed. Participants were
concerned, as the new barcode scanning system would already help in verifying the
correct type and dose of the medication. Thus, they think that asking another nurse to
witness the medication preparation process could be redundant.
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5.3.3 Tasks in the Supply Room
Hospital C nurses usually obtained the medical supplies from the supply room. In
addition, when applying any medical supply to a patient, nurses needed to paste the
barcode stickers of the supply packaging to a clipboard outside the patient room. This
task ensured the facility had a record of the patient’s consumption history for medical
supplies. Thus, the focus group raised some issues during the discussions regarding
alternative working procedures.
1. Nurses still needed a clipboard to track the consumption of medical supplies for
the patients
Some participants believed they still needed a clipboard to collect all barcode
stickers for tracking the consumption of the patient’s medical supplies. Billing service
staff would collect those stickers and scan them regularly.
2. Have a scanning system in the supply room for “checking out” the medical
supplies
On the other hand, some participants believed they would not collect barcode
stickers from medical supplies anymore as management could install a barcode scanning
system in the supply room. However, participants were not sure what the procedures
would be to check out the supplies via the new system. Another issue was raised when
nurses need to check out the supplies in the supply room via the scanning system. Some
participants mentioned that they need the scanning system with a function that could
reverse the inventory record if the supplies were left.
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5.3.4 Tasks in the Patient Room
Nurses perform the main caring tasks and administering medications to the
inpatients in the patient’s room. Some concerns regarding the new EHR system were
raised in the group discussions.
1. Preparing all medications in the patient’s room
Participants were not sure how to check out (or scan) medications from the
medication room or medical supplies from the supply room. Thus, they believed the
medications needed to be prepared in the patient’s room as it would be the main place for
scanning the barcodes. If the medication were located in the medication room, they
would need to obtain it from there and bring it to the patient’s room for the laptop to scan
it. After scanning the correct one, the nurse would prepare the medication at the bedside
in the patient’s room.
2. Nurses will not perform clinical documentations in the patient room
After implementing the new scanning system, nurses would need to push the
medication cart into the patient’s room for passing medications. However, participants
indicated that they would not perform the documentation tasks in the patient room due to
the many expected interruptions from patients.
3. Scenario of when patients are not ready for medications
Before the new scanning system is installed, sometimes it was observed that the
nurse had prepared the drugs when the patient was not ready for them. Under this
scenario, the nurse needed to find a secured way (e.g., lock the medications in the
patient’s drawer) to store medications. It was mainly due to the nurse preparing the
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medications (performed it in the empty room or the medication room) prior to
confirming/assessing the patient’s physical or mental status (performed in the patient’s
room). Once the new barcode scanning system is installed, the nurse will have to scan the
patient’s barcode on the wristband to confirm their status before accessing any
medication information. Nurses will prepare the patient’s medications at the bedside in
the patient’s room.
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5.4 Results of Field Study
Hospital C implemented a new EHR system to replace the old clinical
documentation system and installed a brand new barcode scanning system for the
medication administration process. The whole system was implemented on May 2012,
and the system was “go-live” in the third week of May. The field study was conducted
two months after the system was “go-live”.
Seven observational periods (based on the number of patients) were conducted
during the morning medication administration round (it started at 8:00am) within the
Medical/Surgical Unit at the facility. The physical settings on the floor in the
Medical/Surgical Unit had few changes since implementing the new EHR system. For
example, barcode scanning systems not only were installed on each medication cart, but
also in the medication room and the supply room for checking out certain medications
and medical supplies. However, the medication cabinet (an Omnicell) or refrigerator for
storing certain drugs in the medication room were not changed or moved. In addition, the
keys for the refrigerator were still stored in the medication cabinet.
In term of the facility’s policy, Hospital C still maintained the witness process for
narcotics or insulin preparation. Thus, nurses still needed to find another available nurse
to witness certain tasks. To perform the medication preparation witness process, the
witnessed nurses had to enter identifications and passwords in the new EHR system to
verify types and doses of controlled drugs.
While passing medications with the new IT system, nurses in the
Medical/Surgical Unit at Hospital C usually commuted between the empty patient room,
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the medication room, the supply room, and the patient’s room. Figure 5.1 shows the
medication administration process with the new EHR system on the floor at the facility.
The main changes for the heath IT system at Hospital C were replacing the clinical
documentation system and having a new barcode scanning system for the medication
administration. For the barcode scanning system, nurses needed to scan patients’
barcodes (on the wristbands) to pull out the patients’ electronic medication administration
records (eMAR). Once verifying a patient’s identification, the nurse then was able to
prepare and administer the medications. This transition meant all the medication
preparation tasks were performed in the patient’s room instead of in the empty room
(please see Figure 4.13 for comparison).
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Figure 5.1 Medication administration workflow with the new EHR system for the Medical/Surgical Unit at Hospital C
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5.4.1 Tasks in the Patient Room
Based on Figure 5.1, once the new EHR system was implemented, the medication
administration process would start in the patient’s room. When the nurse entered the
patient’s room, the first task was to sanitize hands. After that, the nurse greeted the
patient and scanned the patient’s barcode on the wristband to verify identification. Once
the patient’s identification was registered, the EHR system would pull up patient’s eMAR
on the laptop screen.
On reviewing the eMAR, the nurse would realize what types and doses of
medications the patient required. Some medications could be obtained from the drawer in
the medication cart, but others could be accessed from the medication station in the
medication room. However, even eMARs can be exchanged electronically among units
within the facility. It was observed that some drugs were not delivered on the floor on
time by the pharmacy. Thus, the medication was not ready for administering and the
patient needed to wait for the drugs from the pharmacy.
If all the medications could be obtained from the medication cart, the nurse would
prepare the medications in the patient’s room directly. The first step to preparing the
medications was to scan the barcodes on all medication packaging to verify drug
information. In addition, certain medications would need another nurse to witness the
medication preparation process and to verify the drug information. For this scenario, the
nurse needed to find an available nurse for the witness process. Thus, the nurse had to
leave the patient’s room temporarily to look for another nurse. Once the witnessed nurse
verified the medication, he/she needed to enter their identification and password into the
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EHR system; this witness process was still performed in the patient’s room after
implementation of the new IT system.
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5.4.2 Tasks in the Medication Room
As mentioned previously, some medications were stored in the medication station
in the medication room. Under this scenario, the nurse would need to commute to the
medication room for those drugs.
Based on the observation, a new barcode scanning system was installed in the
medication room, but the nurse still had to bring the medications back to the patient’s
room to scan them. Without scanning a patient’s identification barcode (on the
wristband), it was impossible to pull up the patient’s eMAR to verify (scan) the drug
information, and this was the main reason the nurse did not scan drugs in the medication
room. In addition, all medication preparation tasks and witness tasks were also performed
in the patient’s room instead of in the medication room. Those tasks were required to be
incorporated with the EHR and barcode scanning systems.
Other tasks in the medication room were similar to the process before the new
EHR system was implemented in the Hospital C. However, it was observed that nurses
preferred to carry the refrigerator keys in their pockets instead of returning keys
immediately. The reason was that all the barcode scanning tasks were performed in the
patient’s room. Nurses usually obtained the multi-dose glass vials (they usually needed to
be stored with a required temperature) from the refrigerator, but scanned and prepared
them in the patient’s room. After passing those types of medications to the patient, the
nurse needed to put the remaining medications back in the refrigerator. Thus, nurses
preferred keeping the key for their convenience to avoid re-logging into the medication
station to acquire the refrigerator keys and returning the vials.
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5.4.3 Tasks in the Supply Room
After implementing the new EHR system, a barcode scanning system was
installed in the supply room. Nurses could use the scanning system to check out the
medical supplies for the patients. The system would recode patients’ consumption of
medical supplies and the billing system would charge each patient based on the records.
Due to the new scanning system, nurses no longer needed to keep supplies’ barcode
stickers on the clipboards outside patient rooms, and the billing service staff did not need
to collect the recorded sheets regularly.
However, based on the observation, nurses indicated that they had no idea how to
check out medical supplies for a particular patient via the scanning system in the supply
room. The facility did not provide any relevant training for these tasks. Thus, after two
months of implementing the new EHR system, nurses neither kept any supply barcode
stickers nor used a scanning system to track a patient’s medical supply consumption
history.
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5.4.4 Tasks in the Empty Room
With the new barcode scanning system for the medication administration process,
most medication preparation tasks were performed in the patient’s room. Nurses only
performed the clinical documentation tasks with the IT system in the empty room. With
the new EHR system, Hospital C nurses spent less time in the empty room than before.
In general, pharmacy technicians would restock medication carts at 8:00 am (the
morning round of the medication administration also started at 8:00 am). In the past, the
nurse usually put the medication cart in a vacant (empty) patient room for the medication
preparation, and it was easy for the pharmacy staff to locate the cart. However, since the
new EHR system was implemented, the nurse needed to carry the cart room by room to
pass out the medications. Thus, the pharmacy staff spent more time relocating the correct
cart on the floor.
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5.5 Hierarchical Task Analysis for the Medication Administration Process with the
New EHR System
By using the flowchart for the medication administration process, it is appropriate
to show the overall logic of the work procedure via the big figure, but detailed sub-tasks
embedded in a particular task could be skipped during the analysis. Thus, a similar
methodology was used as described in Chapter Four. A hierarchical task analysis (HTA)
was performed to depict a step-by-step workflow and to model the medication
administration tasks in details, and Figure 5.2 shoes the HTA diagram. This HTA
diagram engaged the medication administration tasks with a new clinical documentation
and barcode system at Hospital C. In addition, a tabular HTA (see Table 5.1) was also
used to summarize the observations while using the new EHR system at Hospital C.
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Figure 5.2 Hierarchical task analysis of the medication administration process with the new EHR system (continued)
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Task

1.4 Log into the eMAR system*
1.5 Scan barcode from patient’s
wristband *

1.3 Evaluate patient’s status while
passing medication

1.2 Greet with patient*

1.1 Wash hands

0 Administer medication to patient
1 Review electronic medication
administration records (eMAR)*

Step

Old and smudged wristbands make barcodes difficult to scan. Though a
beep sound is generated while scanning the barcode, it does not
guarantee the system read the barcode information. Nurses need visually
to confirm that patient’s information is scanned via the computer screen.
Some nurses print out extra patients’ wristbands and carry with them,
and nurses can scan patients’ identification barcodes without interacting
with patients

Nurses need to review eMAR on the computer in the patient room;
however, medication cart is too big to be in the room. Sometimes it
crashes into patient’s bed, room door, trashcan, etc.
Nurses forget to sanitize hands and it could harm themselves and
patients.
Nurses can verify patient’s identification by scanning patient’s
wristband. Due to the new barcode scanning system, nurses omit this
step more frequently. However, greeting the patient not only verifies
patient identification, but can be used to assess patient’s cognitive status
Tools are not around for evaluating patient’s physical status (e.g., a
glucometer for checking the blood sugar). Nurses need extra
transportation to access devices to evaluate patient

Errors or problems in the medication administration process with
the new clinical documentation and barcode scanning system based
on the results of observation and focus groups

Table 5.1 Tabular HTA summarizing the errors of the medication administration process
with new EHR system
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Read patient name
Read drug name
Read drug form
Read drug dose
Read drug administration time
Medication preparation
Get tools for drug preparation

Task

2.1.3
2.2
2.2.1
2.2.2

Gather essential tools
Get medical supplies for patient
Head to the supply room
Search for relevant supplies

2.1.2 Search tools for medication
preparation

2.1.1 Head to the nurse station

1.6.1
1.6.2
1.6.3
1.6.4
1.6.5
2
2.1

1.6 Read eMAR*

Step

Interruptions while nurses walking around on the floor
Failure to locate the medical supplies due to where the supplies are
relocated

If the tools were not around, nurses would leave the medication
preparation site temporarily, and therefore leave the cabinet or drawer
open. As a result, the medications would be contaminated or missed. As
the medication cart is bulky to be moved around, nurses sometimes
would ask help from passing staff to pick up the tools
Interruptions could happen while nurses talked to each other in the
hallway or at the nurse station
Failure to locate the medication preparation tools due to the tools are
relocated, occupied by other staff, or missed. Nurses needed to spend
extra time or walk around to find them out

Errors or problems in the medication administration process with
the new clinical documentation and barcode scanning system based
on the results of observation and focus groups
Icons and texts on the computer screen are too small to read. The mouse
curser is moving too fast to follow. Those computer operational issues
cause nurses mis-click the buttons, miss certain information, and spend
time browsing the eMAR

Table 5.1 Tabular HTA summarizing the errors of the medication administration process
with new EHR system (continued)
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Task

2.3.3 Get medication from the controlled
cabinet
2.3.3.1 Get keys for the controlled cabinet

2.3.2.1 Log into the station and unlock the
drawer
2.3.2.2 Locate the correct medication
chamber
2.3.2.3 Open the chamber

2.3.1.3 Open the drawer
2.3.2 Get medication from station

2.3.1.1 Log into the cart and unlock the
drawer
2.3.1.2 Locate correct the drawer

2.3 Obtain medications
2.3.1 Get medication from the cart

2.2.3 Gather essential supplies
2.2.4 Scan barcode on the supply package*

Step

Keys are missing as another nurse could have them. Thus, the nurse
needs to walk around to find the key holder

The drugs are too full in the chamber causing the cover of the chamber
to be hard to open

Medications are not available in the medication station as the pharmacy
did not restock the inventory on time

Patient’s drawer is missed or patient changed room without switching
the drawer in the correct cart accordingly

Medications are not available in the medication cart as the pharmacy did
not restock the inventory on time

Errors or problems in the medication administration process with
the new clinical documentation and barcode scanning system based
on the results of observation and focus groups
Failure to get the medical supplies as supplies out of stock
Some nurses do not know how to check the supplies out via the barcode
scanning system

Table 5.1 Tabular HTA summarizing the errors of the medication administration process
with new EHR system (continued)
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Task

2.3.5.2 Pull out injection medications
2.3.5.2.1 Take the medication from glass vial
2.3.5.2.2 Scan barcode on the vial*

2.3.5.1.4 Cut/separate/measure up the
medications
2.3.5.1.5 Lock up the container/drawer/station

2.3.5.1.3 Visually check the system has
scanned the right item*

2.3.4 Call supervisor for the missing
medication
2.3.5 Prepare medication
2.3.5.1 Pull out general medications (oral
pill, patch, cream, or liquid)
2.3.5.1.1 Take the medication from container
2.3.5.1.2 Scan barcode on the drugs package*

2.3.3.2 Unlock the controlled cabinet

Step

Smudged or torn barcodes on the medications are hard to scan. Nurses
usually need to try several times to scan them correctly

Nurses sometimes temporarily leave the medication preparation site
(e.g., finding another nurse or tool) without locking up the medication
drawer or station securely, and leave the cabinet or drawer open; the
medications could be contaminated or missed.

No appropriate tools (e.g., pill splitter or pill crasher) for the task

Smudged or torn barcodes on the medications are hard to scan. Nurses
usually needed to try several times to scan them correctly
Some nurses omit this step. It is one thing to say the system makes a
sound when scanning the barcode, but it does not mean the system read
the barcode information correctly

Errors or problems in the medication administration process with
the new clinical documentation and barcode scanning system based
on the results of observation and focus groups
Keys should be returned once medication obtained from the controlled
cabinet; however, some nurses do not return keys immediately, and keep
them in their pocket during entire shift
Sometimes, supervisors could not be located or did not answer the
phone promptly

Table 5.1 Tabular HTA summarizing the errors of the medication administration process
with new EHR system (continued)
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Task

2.3.5.2.10 Lock up the container/drawer/station

2.3.5.2.8 Another nurse sign up the system for
witnessing*
2.3.5.2.9 Return the vial (with remaining
solution) to the station*

2.3.5.2.5 Measure up the medication
2.3.5.2.6 Draw up solution from the vial
2.3.5.2.7 Find another nurse to confirm the
medication (type and dose) for a
particular patient

2.3.5.2.4 Access needle and syringe

2.3.5.2.3 Visually check the system has
scanned the right item*

Step

Some nurses returned the vial (with remaining medication) after
administering the medications to all patients. In fact, the vial should be
returned to the medication station right after passing the medication to a
particular patient
Nurses sometimes temporarily leave the medication preparation site
(e.g., finding another nurse or tool) without locking up the medication
drawer or station securely, and leave the cabinet or drawer open; the
medications could be contaminated or missed

First, the medication cart usually is left in the patient’s room while the
nurse goes to find another nurse to witness the medication preparation. It
is safety issue to leave patient alone with the medication cart. Second,
finding a nurse for witness could interrupt other staff’s tasks, and the
nurse’s task is idle while waiting for an available nurse

Errors or problems in the medication administration process with
the new clinical documentation and barcode scanning system based
on the results of observation and focus groups
Some nurses omit this step. It is one thing to say the system makes a
sound when scanning the barcode, but it does not mean the system read
the barcode information correctly
Without needles or syringes around for a specific task, nurses need extra
transportation to the supply room to get them. As the medication cart is
bulky to be moved around, nurses sometimes ask for help from passing
staff to pick up the tools
Ambient lighting is too dim to measure up the medications accurately

Table 5.1 Tabular HTA summarizing the errors of the medication administration process
with new EHR system (continued)
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Task

3 Pass medications
3.1 Pass oral pills
3.1.1 Prepare water or juice

2.3.5.3.4 Lock up the container/drawer/station

2.3.5.3.3 Visually check the system has
scanned the right item*

2.3.5.3.2 Scan barcode on the package*

2.3.5.3 Pull out intravenous (IV) fluid
medications
Take
out IV fluid bag
2.3.5.3.1

Step

Nurses need extra transportation to access water and juice for passing
drugs to patient.

IV fluid bags usually are too big to fit in the medication station or cart.
Thus, nurses needed to spend extra time to access the fluids from other
sites (e.g., the supply room or utility room)
Smudged or torn barcodes on the medications are hard to scan. Nurses
usually need to try several times to scan them correctly
Some nurses omit this step. It is one thing to say the system makes a
sound when scanning the barcode, but it does not mean the system read
the barcode information correctly
Due to the limited space, IV fluid bags are stored in the utility room
with other cleaning equipment and could cause hygiene issues

Errors or problems in the medication administration process with
the new clinical documentation and barcode scanning system based
on the results of observation and focus groups

Table 5.1 Tabular HTA summarizing the errors of the medication administration process
with new EHR system (continued)
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Task

3.2.3
3.2.4
3.2.5
3.2.6
3.3
3.3.1

Attach the tube
Assemble the infusion pump
Program the infusion pump
Check/monitor IV flow
Pass injection medications
Check resolution in syringe and
remove air from the syringe
3.3.2 Prepare patient for the injection

3.2.2 Hang up the IV fluid bag

3.1.3 Present pills and water to the patient
3.1.4 Help/observe patient taking
medications
3.1.5 Check patient has applied
medications properly
3.2 Pass IV fluid medications
3.2.1 Tell medication names and purposes
to the patient

3.1.2 Tell medication names and purposes
to the patient

Step

No appropriate tools (e.g., sterile cottons or alcohol pads) for the task.
Nurses need extra transportation to get them

Some nurses omitted this step, especially once the new barcode scanning
system was implemented. It is necessary to inform patients what
medications they are taking, and what the purposes of those drugs are
Failure to change the new IV fluid as the old one still has fluid. Nurses
needed to wait for the beep sound from the IV infusion pump when the
old IV fluid runs out

Some nurses omitted this step. Make sure patient has taken/applied all
the medications properly

Sometimes, patient would drop pills without noticing

Errors or problems in the medication administration process with
the new clinical documentation and barcode scanning system based
on the results of observation and focus groups
Some nurses omitted this step, especially when the new barcode
scanning system was implemented. It is necessary to inform patients
what medications they are taking, and what the purposes of those drugs
are

Table 5.1 Tabular HTA summarizing the errors of the medication administration process
with new EHR system (continued)
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Task

Errors or problems in the medication administration process with
the new clinical documentation and barcode scanning system based
on the results of observation and focus groups
Some nurses omitted this step, especially once the new barcode scanning
system was implemented. It is necessary to inform patients what
medications they are taking, and what the purposes of those drugs are

3.3.4 Inject medication into to
vein/muscle/subcutaneously
3.4 Pass other medications (cream, patch,
or liquid)
3.4.1 Tell medication names and purposes Some nurses omitted this step, especially once the new barcode scanning
to the patient
system was implemented. It is necessary to inform patients what
medications they are taking, and what the purposes of those drugs are
3.4.2 Present medications to the patient
3.4.3 Help/observe patient applying
medications
Some nurses omitted this step. Make sure patient has taken/applied all
3.4.4 Check patient has applied
medications properly
the medications properly
4 Finalize documentation
4.1 Confirm all medications are passed in Icons and texts on the computer screen were too small to read. The
eMAR*
mouse curser was moving too fast to follow. Those computer
operational issues caused nurses to mis-click the buttons, miss certain
information, and spend time browsing the eMAR
Nurses forget to sanitize hands, and it could harm themselves, the
4.2 Wash hands
patient, and the next patient
*Tasks only occurred after implementing the new EHR system

3.3.3 Tell medication names and purposes
to the patient

Step

Table 5.1 Tabular HTA summarizing the errors of the medication administration process
with new EHR system (continued)

5.6 Potential Errors or Problems in Medication Administration Process
This section discusses the errors occurred in the medication administration
process before and after implementing the new EHR system. The comparisons could
provide advantages and disadvantages of the new IT system for the healthcare facilities.
In addition, the potential errors in the work procedures were also demonstrated for the
improvement of the nature of the tasks. Figure 5.3 depicts the discussion topics regarding
potential errors in medication administration process in this section.

Medication administration process

Errors in
pre‐EHR
Errors
can be
fixed by
EHR

Errors in
pre & post
EHR

Errors in
post‐EHR

Figure 5.3 Venn diagram of potential errors in the medication administration process
before and after implementing the new EHR system
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5.6.1 Errors in the Medication Administration Process before Implementing EHR
Table 4.4 summarized the observed errors in the medication administration
process before implementing EHR. The previous medication administration working
procedures did not engage with the eMAR and barcode scanning system. Thus, the
potential errors occurred before the new EHR system could be categorized into two
groups: paper-based MAR related tasks and barcode related tasks. Table 5.2 shows the
detailed potential errors in the tasks.

Table 5.2 Potential errors in the medication administration process before implementing
EHR
Category
Paper-based MAR
related tasks

Barcode related
tasks

Potential Errors and Problems
• failure to locate the patient’s medication administration record
(MAR)
• failure to have the up-to-date MAR
• paper-based MAR could reduce the legibility as they are
folded or smudged
• carrying paper-based MAR around could impact medication
preparation tasks due to the limited working space
• failure to initial the MAR after passing drugs to the patient
• failure to recognize medication information (e.g., labels)
visually
• barcode stickers are missing
• barcode stickers are damaged and hard to recognize
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5.6.2 Errors Only in the Medication Administration Process after Implementing
EHR
Table 5.3 summarizes observed errors after implementing the new EHR system.
After new eMAR and barcode scanning system were installed, the potential errors in the
medication administration process could be categorized into three groups: barcode
scanning related tasks, IT system interface or operating issues, and unfamiliar or omitted
procedures. Table 5.3 shows the detailed potential errors in each task category.

Table 5.3 Potential errors in the medication administration process after implementing
EHR
Category
Barcode scanning
related tasks

IT system
interface or
operating issues
Unfamiliar or
omitted
procedures

Potential Errors and Problems
• scanning patient’s identification barcodes from wristband
without checking patient’s cognitive status (e.g., without
greeting with patients)
• failure to scan old or smudged barcodes
• possessing extra patients’ wristbands to avoid interacting
with patients directly
• texts and icons on the computer screen too small to read
• mouse curser moving too fast to follow
• the system provided sound feedback after scanning,
however, it failed to identify the correct patient or
medication information
• staff do not know how to check out supplies with barcode
scanning system
• failure to return the remaining medication to the medication
station after passing to the patient immediately
• failure visually to confirm the information of patient,
medication, or does on the screen
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5.6.3 Fixed Errors after Implementing the New EHR System
After the facility implemented the new IT system, some observed errors were
amended after using the new medication administration process. These errors were (1)
preparing medications for more than one patient at a time; (2) making mistakes in the
paper-based MAR related tasks; (3) failing to identify or confirm medications labels and
doses visually; and (4) failing to collect barcode stickers from patients’ medical
consumptions.
(1) Preparing medications for more than one patient at a time
The new system could avoid the error in preparing medications for more than one
patient at a time. The only way to pull up a patient’s eMAR is to scan the particular
patient’s wristband. Without doing this, the nurses could not obtain any medications
information from the system. As he system could not accept more than one wristband
being scanned, nurses could not prepare drugs for more than one patient at a time.
(2) Making mistakes in the paper-based MAR related tasks
As all the MARs were exchanged electronically in the new EHR system, errors
associated with the paper-based MARs related tasks went unobserved in the new
medication administration process. For example, the eMAR would provide the up-to-date
patient medication information, and the patient’s medication information was exchanged
electronically among units promptly. All patients’ MARs were in the new IT system and
there was no need to search for a particular patient’s MAR on the floor. In addition, the
eMARs also could prevent the MARs from being folded, crinkled, or smudged; thus,
reducing the legibility of patients’ medication information. Replacing the paper-based
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MAR with an eMAR also had the advantage of preventing nurses from forgetting to
initial the paper-based MAR or file the MARs in the patient’s folder after administering
drugs.
(3) Failing to identify or confirm medications labels and doses visually
Before the barcode scanning system, nurses sometimes had difficulties identifying
drug information as the text on the drugs packaging was too small or the ambient lighting
was insufficient to read the labels. However, the new EHR system could assist nurses in
identifying the types and doses of medications from scanning the barcodes on the
medication packaging.
(4) Failing to collect barcode stickers from patients’ medical consumptions
Before implementing the barcode scanning system, nurses needed to collect all
the barcode stickers for clinical practices to record the patient’s medical supplies
consumption history. The facility billing staff would then charge the patient based on
those barcode stickers. For barcode stickers collecting tasks, once nurses lost or damaged
the stickers, a financial loss for the hospital occurred. With the new scanning system,
nurses can scan the barcode immediately after providing a particular supply to the patient.
Barcodes from the supply packaging have less chance of being lost or damaged in the
new workflow with the new IT system.
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5.6.4 Errors in the Medication Administration Process for both Pre- and Post- EHR
System
Despite certain errors in the medication administration process being fixed by
using the new EHR system, common errors were still observed in these two scenarios.
The potential errors in both pre- and post- EHR system in the small rural healthcare
facility could be grouped into five major categories: omitting procedures; unsafe
procedures; errors in accessing medication, medical supplies, and tools; causes of
interruptions; and others. Table 5.4 summarizes the observed errors in the medication
administration process for both pre- and post-EHR implementation.
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Others

Causes of Interruption

Tasks related to access
medications, supplies, and
tools

Unsafe procedures

Category
Omitting procedures

Potential Errors and Problems
 failure to return the keys for accessing the controlled medications
 failure to inform all names and purposes of the drug to patients
 failure to confirm that the patient had applied medication properly
 forgetting to sanitized hands before administrating medications
 failure to evaluate patient’s status before administrating medications
 failure to lock the medication cart securely and leaving it alone in the room with the
patient
 medical supplies are not stored safely (e.g., IV fluid bags are stored in the utility room
with cleaning detergents)
 failure to pass medications on time when the pharmacy does not restock the inventory
 the patient’s medications are located in a wrong place (e.g., another nurse’s medication
cart)
 tools or medical supplies are not around, the nurse needs extra time or transportation to
access them
 failure to locate the tool (e.g., another nurse replaced the tool in a different place)
 medical supplies are out of stock
 the nurse interrupts other staff for help
 the nurse is idle to wait for an available nurse for assistance
 the nurse is interrupted by other staff on the hallway or in the nurse station
 too many medications are stocked in the chambers of the medication cart or station, and
overcrowded drugs are hard to pull out
 failure to reach the floor manager or supervisor promptly
 environment lighting was too dim to prepare medications precisely
 ambiguity of the facility policy (e.g., no clear regulation for rechecking patient’s
availability for the medications)

Table 5.4 Potential errors in the medication administration process both pre- and post-EHR implementation

5.7 Other Potential Errors in the Medication Administration Process When Using
EHR System
Several studies have reported rich findings regarding medication administration
errors with the new IT system in healthcare settings (Anderson and Wittwer, 2011;
Franklin, O’Grady, Donyai, Jacklin, and Barber, 2007; Larrabee and Brown, 2003;
Meadows, 2002; Paoletti et al., 2007). However, these errors were not observed in the
current study, and it perhaps is because rural and small-scale hospitals are the focus of the
study. Thus, Table 5.5 summarizes other potential errors or problems in the medication
administration.
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Table 5.5 Summary of studies on potential errors or problems in the medication
administration process while using EHR
Potential Errors
when using EHR
Staff experiences some IT
technical problems; thus,
leaves the current task
(e.g., lost network
connectivity or the
computer system crashes).
Medical staff (e.g., nurses,
pharmacists or physicians)
are not trained well for the
EHR system. They do not
know how to retrieve
appropriate information
when facing certain
scenarios (e.g., how to
response to allergy
notification)
When partial dose drug is
administrated, the system
does not recognize
accordingly. Instead, the
system records a complete
dose of the drug
Medication identifying
numbers (barcode
numbers) have not yet
been categorized in the IT
system. Thus, the nurse
needs to override the
records manually when a
particular drug is
administered
Barcode scanning task
may slow the medication
administration process
during emergency

Studied Settings

Studies

 Two academic hospitals
(470 and 929 beds)

(Koppel et al., 2008)

 Two academic hospitals
(470 and 929 beds)
 One academic hospital
 Three chronic clinics
 Simulations in a laboratory

(Koppel et al., 2008)

 Two academic hospitals
(470 and 929 beds)

(Koppel et al., 2008)

 Two academic hospitals
(470 and 929 beds)
 Pediatric Oncology
Department in an academic
medical center
 Simulations in a laboratory

(Koppel et al., 2008)

 Two academic hospitals
(470 and 929 beds)

(Koppel et al., 2008)
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(Horsky et al., 2005)
(Unertl et al., 2009)
(Patterson et al., 2004)

(Kim et al., 2006)
(Patterson et al., 2004)

Table 5.5 Summary of studies on potential errors or problems in the medication
administration process while using EHR (continued)
Potential Errors
when using EHR
Medication was
administered to the patient
without scanning the
patient’s wristband or the
wristband was scanned
afterward
Failure to document
administration of the
medication or documented
them incorrectly
Interruptions occur due to
the patient or patient’s
family asking questions
during medication
administration tasks
The medication room or
supply room are messy or
disorganized
Idled or reduced
productivity while the nurse
is waiting for tools or
equipment
Computer screen needs
alignment or has inadequate
contrast
Dramatic increase in the
amount of time spent on the
computer entry

Studied Settings

Studies

 One academic hospital
 (472 beds)

(Carayon et al., 2007)

 One academic hospital
(472 beds)

(Carayon et al., 2007)

 One academic hospital
(472 beds)

(Carayon et al., 2007)

 One academic hospital
(472 beds)
 One VA hospital and one
academic hospital
 One academic hospital
(472 beds)
 Simulations in a laboratory

(Carayon et al., 2007)

 One academic hospital
(472 beds)

(Carayon et al., 2007)

(Fraind et al., 2002)
(Carayon et al., 2007)
(Patterson et al., 2004)

(Carayon et al., 2009)
 One family medicine
residency clinic
 Fifteen chronic disease care (Unertl et al., 2009)
clinics
 Simulations in a laboratory (Patterson et al., 2004)

Unexpected hardware
downtimes, resulting in
disruptions
EHR impacts the patient One academic medical
provider relationships due to
center
less interactions to the
 Four primary care offices
patient or difficulty focusing
on patient communication
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(Makoul et al., 2001)
(Ventres et al., 2006)

5.8 Discussion and Recommendations for EHR system Implemented at Rural
Hospitals
5.8.1 Work System Model in Healthcare
Based on the observation of the medication administration process in a rural,
small-scale hospital, a series of recommendations to implement EHR system were
developed. A work system model was used to demonstrate the taxonomy of those
recommendations. Smith and Carayon developed the work system model in 1989, and
they defined that individuals usually perform tasks using some tools or technologies in
physical working environments under organizational conditions (Smith and CarayonSainfort, 1989; Carayon and Smith, 2000; Carayon et al., 2006; Carayon, et al., 2007;
Carayon, et al., 2009). Figure 5.4 shows the relationships of elements in the work system
model.

Technology

Organization

People

Tasks

Environment

Figure 5.4 Model of work system (Carayon, 2011; Carayon and Smith, 2000; Smith and
Carayon-Sainfort, 1989)
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Based on the work system model in the healthcare system, people are located in
the center of the model. They can be patients, patient’s family, physicians, nurses,
pharmacists, therapists, or any other medical staff affiliated with healthcare settings. In
addition, the category of people not only includes members involving the clinic activities,
but it also covers the characteristics of those people. For example, staff’s knowledge,
experiences, and physical abilities can also be categorized into the people category.
The task in the work system model includes all interactions between the work and
anything associated with it to achieve a specific goal. In medical practices, it refers to the
clinical activities and caring procedures. The technologies or tools indicate various
artifacts to achieve the task. This tool can be as simple as a pen or a piece of paper or it
can be an advanced technology. For example, the EHR system is one IT tool for
documenting clinical activities, and it assists medical staff in exchanging patient
information promptly and securely.
The environmental factors in the work system model include physical
characteristics in a working area and its layouts, such as temperature, humidity, airflow,
noise, or lighting. All these factors could have impact on the performance of the workers
in a working place. The last element of the work system model is organizational factors.
They refer to the characters in the work system associated with work schedules,
communication, collaboration, training, organizational policy and cultures.
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5.8.2 Recommendations for EHR system in the Rural Hospitals
The observational data of potential errors in the medication administration process
while using EHR system were reviewed and analyzed carefully. The recommendations
for implementing the EHR system at rural healthcare facilities were categorized into five
elements in the work system model and are shown in Table 5.6.
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Organization

Environment

Tools

Tasks

Category
People

6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

1.
2.
3.
4.
5.

Recommendation
Elaborate the purposes and types of drugs to patient before administrating them
Avoid seeking assistance from others to prevent unnecessary interruptions
Procedures and sequences of tasks should be regulated clearly with proper standards
Visually confirm patient’s identification or medication information
Return tools, remaining medications, or keys for controlled drugs to a fixed location immediately after
finishing the task
Change patients’ barcoded wristbands regularly to prevent invalid scanning
Provide clear and complete barcodes for medications
Provide easy adjustment for computer screen resolution to fit users’ abilities and preferences
Provide easy adjustment for mouse moving speed to suit users’ needs
Provide a distinguish feedback (visual or audio) after a successful scanning task
Tools for medication preparation should be around
Mobile medical carts should perform clinical activities easily in small patient rooms
Sufficient lighting for nurses to prepare the medications or measure up correct dose of drugs
Quiet and private working space is preferred for documentation tasks without interruptions
A wider working space on the medical cart is preferred for better medication preparation
Execute safety procedures firmly in the facility
Restock medications and medical supplies on time and on demand
Training staff on checking out medications or supplies via barcode scanning system from other sites
Communication and collaboration among departments should be available freely
Be able to reach unit managers easily and promptly

Table 5.6 Summary of recommendations for implementing EHR for rural healthcare facilities

5.8.2.1 Recommendations in the People Category
Recommendations 1 and 2 in the people category in Table 5.6 focused on
preventing interruptions happening during the tasks. Nurses generally provide more
detailed information about medications, and it could prevent the chance of interruptions
or questions from patient or patient’s family while passing medicine. In addition,
Recommendation 2 indicated that staff needing help from others should avoid seeking
staff who are already engaged with other tasks. It would reduce the interruptions to other
personnel.
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5.8.2.2 Recommendations in the Task Category
For the task category, three recommendations were developed. Recommendation
3 included that the facility should set a series of clear, standardized working procedures,
and that all staff should follow them. Four sub-tasks were observed in the medication
administration process without a clear working procedure, and staff usually misconducted
or omitted those tasks. First, nurses were observed not sanitizing their hands while
preparing medications for the patient and this could harm the patient and themselves.
Second, nurses passed medications to patients without checking patient’s physical or
cognitive status in advance. Sometimes, patients cannot take medicine if certain physical
or cognitive statuses are not ready. For example, diabetic patients need to have a blood
sugar test before meals or administering insulin. Third, some nurses omitted to confirm
that the patient has applied the medications properly. For example, it is easy for small
pills to slip from a patient’s palm without noticing. Elderly patients or patients with
impaired physical abilities need more attention when they are taking the medications.
Fourth, the facility should set clear working procedures if the patient is not ready for
his/her medications. Clear guidelines are preferred to indicate where to store those
prepared medications and when to revisit (re-evaluate) the patient if he/she is finally
ready for medications.
Recommendation 4 associated to the task category suggested that staff needs to
confirm a patient’s identification or medication information visually, and that they should
not rely solely on the IT system (barcode scanning system). It had been observed that the
scanning system sometimes provided audio feedback when the barcodes were scanned;
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however, the system did not read barcoded information completely or correctly. Thus, it
is important that nurses visually confirm whether the system can pull up the “scanned”
information correctly.
The last recommendation, Recommendation 5, in the category of task suggested
that staff should develop the good habit of returning, tools, equipment, remaining
medications, or keys for the controlled medication cabinet immediately after finishing the
tasks. This not only prevents other staff from searching for those items on the floor, but it
also prevents stopping the required tasks when staff have to wait for the available medical
tools or equipment.
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5.8.2.3 Recommendations in the Tools Category
There are seven recommendations in the tool category when using the EHR
system for the medication administration process. Recommendation 6 is the first
recommendation in this category: Changing patient’s barcoded wristband regularly to
prevent invalid scanning. Barcoded wristbands are easily smudged and thus, it potentially
reduces the legibility from the scanner. Periodically replacing the patient’s wristband is a
solution to increase the successful rate of the scanning tasks to verify patients’
identifications.
In addition, Recommendation 7 suggested that some medications have small or
damaged barcodes on the packaging and that this could cause frequent unsuccessful
scanning tasks. Thus, it would be appreciated if the pharmacy could provide extra,
clearer, and bigger barcodes with certain medications. Pharmacy staff could print out the
legible barcodes on a piece of paper and attach the paper to the medication with the
rubber band, or they could group the drug and the printout barcode in a plastic bag
together.
Recommendations 8 and 9 were related to computer system operating issues.
Some nurses said that they had difficulty in reading the EHR information on the
computer screen. Some complained that the texts and icons in the EHR system were too
small to read. Thus, they suggested whether it was possible to adjust the screen resolution
to fit their visual abilities and preferences better. In addition, some nurses were observed
having difficulties tracking (locating) the mouse cursor on the screen as the movement of
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the mouse was too sensitive. Thus, it is suggested that the EHR system provides an easy
adjustable mouse movement feature for the system.
The current barcode scanning system provides an audio feedback (a short beep
sound) when barcodes are scanned. However, the system makes an identical beep sound
whether the barcodes are read correctly or not. The identical audio feedback easily
confuses the nurses about successful scanning tasks. Thus, Recommendation 10
suggested that the barcode scanning system should provide distinguish (either visual or
audio) feedback to inform users that the scanning task was accomplished successfully.
It was observed that nurses frequently looked for the correct tools for medication
preparation. Thus, Recommendation 11 suggested that if nurses could carry some tools
with them around, it would reduce transportation time in looking for the tools. For
example, each nurse would possess a pill crasher, a pair of scissors, or some syringes, and
store them in the medication cart for convenience.
The last recommendation in the tool category is Recommendation 12 and it
suggests that the medication cart is less bulky for moving around. It had been observed
that the big and heavy medical cart is difficult to move into a patient’s room or that it
crashed into objects (e.g., patient’s bed) sometimes.
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5.8.2.4 Recommendations in the Environment Category
There are three recommendations regarding the environmental factors while using
the EHR system. Recommendation 13 suggested that sufficient lighting is important for
nurses to prepare the medications. For example, nurses need sufficient lighting to
measure up and prepare the solutions for injections precisely.
Recommendation 14 suggested that the working platform on the medication cart
should be organized and wider for better medication preparation. Since patients might
need different medications at a time, a wider working space for the medication
preparation is preferred.
Many nurses reported that they preferred to perform patients’ charting
(documentation tasks) in a quiet and private working area. In addition, the nurse stations
in the rural healthcare facilities are usually relatively small and crowed with other staff;
thus, nurses have limited working space for the documentation task. Thus,
Recommendation 15 suggested that a quiet and private working area could prevent nurses
from being interrupted.
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5.8.2.5 Recommendations in the Organization Category
There are five recommendations in the organization category when using the EHR
system during the medication administration process. The first organizational
recommendation, Recommendation 16, is that facility should execute the safety
procedures firmly. Two unsafe events were observed in the study. The first one was that
nurses leave the medication preparation site temporarily (e.g., to find another nurse or
tools) without locking up the medication drawer or station securely, or they left the
cabinet or drawer opened; thus, the medications could be contaminated or missed.
Second, some medical supplies were located in an inappropriate location. For example,
IV bags were stored in the utility room with cleaning detergents.
It was observed frequently that nurses had difficulties obtaining the medications
or medical supplies on time and on demand due to the shortage of inventory. Thus,
Recommendation 17 suggested that the management should set up an inventory schedule
to restock medications and supplies to prevent patients not taking their medicine off
schedule. For example, if the medication schedule for the patient is at 9:00 am, the
pharmacy staff should restock the medications for this particular patient in advance.
However, in fact, the main reason causing the delays of medications from the pharmacy
is that hospital in the rural area usually did not have a 24-hour pharmacy. Thus, if a
physician order drugs after the pharmacy’s working hour (5:00 pm to 8:00 am in next
day), those drug could not be prepared and delivered on time for the morning medication
administration.

209

It was observed that nurses had no problem checking out medications (scanning
medication barcodes) by using the computer on the medication cart, but that they had
problems checking out medications or supplies using other computers. Thus,
Recommendation 18 suggested that a training session is needed to let nurses know how to
check out barcoded items from unfamiliar computers or sites. For example, it was
observed that nurses did not know how to check out a barcoded tube from the computer
in the supply room.
The EHR system helps communication and collaboration among units (e.g.,
exchanging patients’ MARs electronically), but the IT system could not solve certain
problems. Thus, Recommendation 19 suggested, “Communication and collaboration
among departments should be available and freely.” This recommendation could provide
a solution for the following scenario. For example, a particular drug is not in the
medication cart for passing to the patient, but it still shows on the eMAR. Thus, the nurse
has to call the pharmacy and ask for the medications. However, the pharmacy did not
have any of this type of drug in stock, and nobody knows how it happened. Two hours
after the medication schedule, the patient’s brother brought that particular drug from
home and the patient took it.
Such communication breakdown is because the physician asked the patient’s
family to bring the remaining medication from home but he had prescribed the order on
the eMAR one day previously. However, the pharmacist from the previous day did not
pass the information to the next pharmacist. The physicians and the first pharmacist failed
to provide the medication status to the nurses on the floor with any communication
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modality. In the past, while working under paper-based MAR procedure, medical staff
could make notes on the paper-based MAR to communicate each other and to coordinate
the task easily. However, the flexibility of communication among medical staff via using
the IT system was observed to be more limited once the EHR system had been
implemented.
The last recommendation suggested that communication within a unit should be
easy and prompt. It had been observed that nurses required authorized managers to
override the patient information in the EHR system or to find a missing drug on the floor.
However, nurses could not reach the mangers easily and promptly. It could prevent the
patient from having the medications or receiving the care on time.
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5.8.3 Study Limitations
This study also had several limitations. First, the data reported in this study were
only based on small rural hospitals, and it is inappropriate to apply all the findings to
generalized healthcare facilities. Due to the context-appropriate medication
administration workflow based on the study sites, the implementation recommendations
are not expected to apply to other hospitals with the same EHR system in all situations.
In addition, the observation data for the pre-EHR system were collected from
Hospital A and C, but the data for post-EHR system were only collected from Hospital C,
as Hospital C implemented the new IT system during our research schedule. The data of
comparisons of the workflow evolution from pre- and post-EHR system were not from
the same facility, and it could introduce a variability of the pre- and post-EHR
comparisons. Thus, during the data analysis phase, the medication administration process
was modeled (described) based on common task steps between the two facilities to
reduce the impacts of cohort variables.
Regarding to data collection methods, one human factors engineering graduate
student trained in observation and interview techniques collected all study data. There
was lack of clinical professionals to provide knowledge during the data collection phase.
Thus, the facility IT managers and corresponding nursing managers reviewed and
verified all the observation and focus groups data to reduce potential observer bias.
Regarding the issue of the observation timing, the observations were only
conducted during the morning shifts, and the observation timing may impact the
frequency of interactions with other staff from various units. For example, the morning

212

medication administration started at 9:00 am and it was the same schedule for the
pharmacy technicians to restock medication carts. Thus, higher frequent interruptions
from pharmacy staff were observed while nursing were preparing medications in the
morning. Despite thus, it was good to consider all potential problems in the clinical
practices, but certain problems may not occur in other medication administration
schedules.
Regarding the 20 recommendations, none of these recommendations have been
tested or evaluated for effectiveness in preventing errors or problems during the
medication administration process at rural healthcare facilities. These recommendations
may not guarantee the improvement of all dimensions of a patient’s quality of life. Some
recommendations might cause unexpected procedures, events, or new errors. Further
investigation is required to continue to monitor the evolution of the workflow in the
medication administration process. Recommendations for implementing the EHR system
should be evaluated at other facilities with a larger sample size to verify the effect and
efficacy of the recommendations.
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5.9 Conclusion
This study presented a detailed workflow analysis when using the EHR system for
the medication administration process at rural healthcare facilities. Qualitative
observations and focus groups data provided step-by-step procedures for passing out
medications when using the IT system. Each task associated with the medication
administration process was examined carefully, and potential errors and problems
identified. This study compared the potential errors in the medication administration
process before and after implementing the EHR system to demonstrate its impacts for
healthcare practices.
The results showed that the IT system indeed changed the workflow for passing
out medications at the rural hospitals. Those changes were not only caused by the new IT
system, but also by interactions with other factors, such as organizational culture,
training, or the ambiguous new procedure. Thus, 20 recommendations in the fivecategory work system model were suggested to eliminate the potential problems in the
process.
Small-scale healthcare facilities in the rural area with limited resources required
more attention to ensure that the IT system supports the clinical practices. Other factors
in the work system should be considered comprehensively to redesign current working
procedures. Continuous improvement and examination of the workflow with the IT
system are essential to optimize the medication administration process, and this ensures
the efficiency of clinical works and patients’ safety. This study provided a framework to
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describe a clinical procedure using system-engineering tools, and it developed a series of
interventions for improvement.
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CHAPTER SIX
CONCLUSIONS AND FUTURE WORK
The clinical practice workflow at rural healthcare facilities evolves due to the
implementation of new IT system (e.g., EHR). First, a survey was administered to rural
hospitals to investigate the computer competency of healthcare personnel. This study
provided a clear roadmap of how to assist small-scale rural hospitals in evaluating
healthcare personnel’s computer skills. The results suggested appropriate IT support and
training for new EHR systems are required (Huang, Garrett, Taaffe, and Gramopadhye,
2012).
Achieving meaningful use of EHR is an important issue of the EHR adoption for
healthcare facilities. To explore the root causes of the obstacles for meaningful use of
EHR during clinical practices, a series of field studies and group interviews were
conducted to better understand current medication administration workflow at rural
hospitals. Qualitative data were used to identify misconduct and violation of work
standards, and to generate the best medication administration practices before
implementing EHR system. After implementing the new EHR system at rural healthcare
facilities, a second round of observational study was conducted to demonstrate the
potential impacts of workflow alternations while using EHR system for clinical practices.
Twenty recommendations of implementing EHR system regarding environment,
organization, tasks, tools and person aspects were established to identify and improve
information technology specifications. Several factors that should be included for the
development of EHR implementation guidelines, specifically on the aspect of the
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medication administration process at small-scale rural hospitals. Based on these
recommendations, facilities can retain the sustainability by improving their clinical
practices.
Health information technology (HIT) has been reported with a dramatically
effects on improving the efficiency and safety of clinical practices (Huang, Madathil,
Koikkara, and Gramopadhye, 2012). In addition, due to the trends of healthcare has
shifted from an institution-style approach to a more patient-centered one (Huang and
Garrett, 2012). HIT also plays an important role in the communication and collaboration
within healthcare settings with an innovative operation style. Thus, the future study
should focus on the applications of IT systems for patient-centered healthcare model,
such as healthcare facilities with home-like atmosphere. This study will facilitate
collaborative clinical communication and task sharing via the meaningful use of health IT
systems.
Figure 6.1 summarize several research topics covered in this study and other
previous healthcare related studies have been tackled by the author. The figure also
presents the potential future works regarding the applications of HIT in healthcare
practices in two dimensions. The x-axis indicates the patient-care style from the
institutional care to patient-centered semi-institutional one, and then to the home-care
approach. The y-axis indicated the extent of IT involved to the clinical activities from a
low to high intensity.
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(High)

Health Information Technology

Telemedicine model (home care)
Safety and effective evaluation of
IT for long-distance care
[Proposed study 2]
Patient-centered healthcare model
Applications of IT for clinical
collaboration and coordination
[Proposed study 1]
Rural hospitals with EHR
Recommendations for EHR
implementation

(Low)

Academic hospitals with new IT
Usability guidelines for cooperating
with the new workflow
(Huang et al., 2012)

Resident-centered nursing home
Inter-staff communication
characteristics with various tools
(Huang et al., 2012)

Rural hospitals without EHR
Evaluation of staff’s computer skills
(Huang et al., 2012)

Institutional

Semi-institutional

Home

Patient Care
Figure 6.1 Research topics in progress and for future proposed studies
The first phase of this study presented a clear roadmap of how to assist smallscale rural hospitals in evaluating healthcare personnel’s computer skills, and the results
suggests appropriate IT support and training for new EHR systems (Huang, Garrett, et
al., 2012). It is presented as a green dot in the Figure 6.1. The second phase of this study
provided a series of recommendations for rural healthcare facilities based on carefully
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investigations of the medication administration process with pre- and post-EHR
implementation. This section of study is present as a red dot in Figure 6.1.
The yellow dot in Figure 6.1 indicates the study was conducted in an academic
hospital regarding IT artifacts (iPads) replaced the paper-based registration and
consenting processes during patients are checking in to the hospital or surgery.
Ergonomic evaluation and time study were conducted to acquire qualitative and
quantitative data to provide the usability guidelines to better establish a new
informational artifact system at a healthcare institution (Huang, Madathil, et al., 2012).
The orange dot in Figure 6.1 indicates a study focusing on the investigation of
inter-staff communication characteristics and patterns in an innovative resident-centered
long-term care facility (Huang and Garrett, 2012). This study revealed details on how the
communication quality could be achieved by using different modalities, and the study
helps explain why there are significant differences between choices of communication
modes for different care providers.
Two future research plans are also presented in Figure 6.1, which are donated as
blue dots. First, the cultural evolution in long-term care facilities has been observed, and
the results show that the IT bridges and enhances the collaboration and coordination of
the clinical tasks. The first proposed study focuses on the integration of how to design
and provide meaningful uses of IT systems with a patient-centered care model. The
results of the study will facilitate collaborative clinical communication and task sharing
via the meaningful use of health IT systems.
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The second proposed study focuses on a long distance healthcare system model –
telemedicine or home care. Safe and effective clinical communication can be achieved by
using reliable IT systems to ensure the quality of care. It is aimed to improve patient’s
quality of life when “cares” are delivered remotely from medical professionals and when
“cares” are received promptly at patients’ homes.
The broader vision for the study is that it will culminate in synergistic activities
between EHR system design and clinical interventions aimed at the breakthrough of
effective healthcare delivery. Thus, this research will make important contributions to
improvements of quality of care to society as a whole.
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Appendix A Healthcare Personnel Computer Use and Skill Survey
This survey has been developed to learn how comfortable the hospital’s staff is
with computers, in preparation for the future implementation of electronic
medical records. Additionally, this survey will assess the staff’s computer skills
to learn where additional training or assistance may be needed.
Your input is very valuable to the hospital to determine what specific areas the
training should focus on. This survey should take less than 15 minutes to fill out
and upon completion it should be returned to XXX. Please return the survey
before XXXX, 2011.
Participation in this survey is completely voluntary and will have no effect on
your employment should you choose not to participate. However, high staff
participation will increase the value of the survey results to the hospital’s future
planning.
We thank you in advance for your time and assistance.

1. Name: ___________________________________
2. Gender: 1

Male

2

Female

3. Age: _______
4. Please indicate your ethnic background:
1 African American
2 Asian
3 Caucasian
4 Hispanic; Latino
5 Native American
6 Other ____________________

Next Page
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5. What is your highest level of education?
1 Some High School
2 High School Diploma/GED
3 Associates Degree
4Bachelors Degree
5 Masters/ Professional Degree
6 Doctoral Degree
7 Other ____________________
6. What is your position at the facility? (e.g., MD, RN, LPN, etc.)
______________________________________
7. Which unit or department do you work for? (e.g., ED, Med/Surg)
___________________________________
8. Please indicate your work schedule:
1 Full Time
2 Part Time, _________ hours per week
9. How many years have you worked in healthcare? ________
10. How many years have you worked at this facility? ________
11. Is using a computer a regular part of your current job?
1 Yes
2 No
12. As part of your job, do you use any form of an Electronic Medical
Record? (If yes, check all that apply)
1 Yes
2 No
3
4
5
6
7
8
9

Electronic documentation (clinical documentation)
Computer provider order entry (CPOE)
Electronic Medication Administration Record (eMAR)
Medication verification (e.g. bar code scanning)
Incorporate clinical lab test results into EHR
Quality report generation (query)
Other: _____________
Next Page
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13. How often do you use a computer?
1 Never
2 Rarely
3 Several times a month
4 Once a week
5 Few times a week
6 Everyday
14. How many hours a week do you use a computer? (both at work and
at home)
1 Never
2 1 – 5
3 6 – 10
4 10 – 20
5 More than 20
15. How many years you have been using a computers?
1 Never
2 Less than 1
3 1 to 3
4 4 to 9
5 More than 9
16. I know how to perform the following tasks:
Strongly
Disagree

Disagree

Neutral

Agree

Strongly
Agree

Safely turn the computer on/off

1

2

3

4

5

Switch between open windows

1

2

3

4

5

Copy, cut and paste text

1

2

3

4

5

Save files to a particular folder

1

2

3

4

5

Rename the existing file
Move an existing file to another
location
Create tables, charts or graphs

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5
Next Page
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17. I know how to do the following:

Add a printer
Install software on a personal
computer
Find specific information on
the web
Send an email to more than one
person
Attach files to an email
message

Strongly
Disagree

Disagree

Neutral

Agree

Strongly
Agree

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

18. I know how to troubleshoot the following situations:

Laptop loses the wireless
connection
Redirect to a printer other than
the default
Find a deleted file on a
computer
The computer freezes
Recover lost data after a
computer crashes
Navigate between windows
without a mouse

Strongly
Disagree

Disagree

Neutral

Agree

Strongly
Agree

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5
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19. Please indicate how much you agree or disagree with the following statements:

I am comfortable using
computers
I am good with computers
I would enjoy learning more
about computers

Strongly
Disagree

Disagree

Neutral

Agree

Strongly
Agree

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

20. Do you have any additional concerns regarding computer use?
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
_______________________________________________________________________
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Thank you for completing this survey for the hospital’s future EHR implementation
planning.
In addition to the goals of the hospital, Clemson University researchers would like to use
this information to better gauge the computer skills and the comfort with information
technology of hospital staff across South Carolina. For the purposes of this research, this
same survey is being distributed to hospitals throughout South Carolina and the results
will be analyzed at this larger group level. All results will be compiled in aggregate and
no individual respondents will be identified.

If you consent to let the research team use your responses for the purpose of this
broader research project, please check the box below.

Yes, I consent to let my responses be included in
this research.

If you have any questions or concerns about this study, please contact:
Dr. Sandra Garrett, Clemson University, (864) 656-3114, garrett@clemson.edu.
If you have any questions or concerns about your rights as a research participant, please
contact the Clemson University Office of Research Compliance at (864) 656-6460.
We thank you in advance for your time and cooperation.
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Appendix B Detail Results of Survey regarding Staff Computer Skills at Hospital A

2. Gender
Male
Female

Percent Frequency
3.6%
1
96.4%
27

3. Age
Mean
SD

35.5
10.59

< 25
26-30
31-35
36-40
41-45
46-50
51-55
56-60
> 60

4. Please indicate your ethnic background:
Percent Frequency
Caucasian
100%
28
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Percent Frequency
19.2%
5
19.2%
5
19.2%
5
15.4%
4
7.7%
2
11.5%
3
0.0%
0
3.8%
1
3.8%
1
answered
26
skipped
2

5. What is your highest level of education?
Percent Frequency
High School Diploma/GED
10.7%
3
Associates Degree
60.7%
17
Bachelors Degree
17.9%
5
Masters/ Professional
3.6%
1
Degree
Other
7.1%
2

6. What is your position at the facility?
Percent Frequency
CNA
17.9%
5
RN
82.1%
23

7. Which unit or department do you work for?
Percent Frequency
2 South
17.9%
5
3 West
25.0%
7
ED
3.6%
1
Labor, Delivery and Nursery
39.3%
11
Nursing Administration
14.3%
4

8. Please indicate your work schedule:
Percent Frequency
Full Time
89.3%
25
Part Time
10.7%
3
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9. How many years have you worked in healthcare?
Percent Frequency
< 1 year
7.1%
2
1-5 years
28.6%
8
6-10 years
21.4%
6
11-15 years
10.7%
3
16-20 years
28.6%
8
21-25 years
3.6%
1
> 25 years
0.0%
0

10. How many years have you worked at this facility?
Percent Frequency
< 1 year
17.9%
5
1-5 years
39.3%
11
6-10 years
25.0%
7
11-15 years
14.3%
4
16-20 years
3.6%
1
21-25 years
0.0%
0
> 25 years
0.0%
0

11. Is using a computer a regular part of your current job?
Percent Frequency
Yes
100%
28
No
0
0

12. As part of your job, do you use any form of an Electronic Medical Records?
Percent Frequency
Yes
89.3%
25
No
10.7%
3
Electronic documentation
78.6%
22
Computer provider order entry
53.6%
15
Electronic Medication Administration Record
21.4%
6
Medication verification
3.6%
1
Incorporate clinical lab test results into EHR
25.0%
7
Quality report generation
3.6%
1
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13. How often do you use a computer?
Percent Frequency
Never
0%
0
Rarely
0%
0
Several times a month
0%
0
Once a week
0%
0
Few times a week
7.1%
2
Everyday
92.9%
26

14. How many hours a week do you use a computer?
Percent Frequency
Never
0%
0
1-5
21.4%
6
6-10
14.3%
4
10-20
21.4%
6
More than 20
42.9%
12

15. How many years you have been using a computers?
Percent Frequen
cy
Never
0.0%
0
Less than 1
0.0%
0
1-3
0.0%
0
4-9
25.0%
7
More than 9
75.0%
21
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Neutral

Agree

Strongly
agree

skipped

Safely turn the computer on/off
Switch between open windows
Copy, cut and paste text
Save files to a particular folder
Rename the existing file
Move an existing file to another
location
Create tables, charts or graphs

Disagree

Strongly
disagree

16. I know how to perform the following tasks: (basic skills)

0%
0%
0%
0%
0%

0%
0%
3.7%
3.7%
7.4%

0%
3.7%
7.4%
11.1%
14.8%

17.9%
29.6%
25.9%
33.3%
18.5%

82.1%
66.7%
63.0%
51.9%
59.3%

0
1
1
1
1

0%

11.1%

22.2%

22.2%

44.4%

1

7%

22.2%

22.2%

18.5%

29.6%

1

Disagree

Neutral

Agree

Strongly
agree

skipped

Add a printer
Install software on a personal
computer
Find specific information on
the web
Send an email to more than one
person
Attach files to an email
message

Strongly
disagree

17. I know how to do the following: (advanced skills)

0%

11.1%

18.5%

37.0%

33.3%

1

0%

18.5%

18.5%

33.3%

29.6%

1

0%

0%

7.4%

25.9%

66.7%

1

0%

3.7%

3.7%

29.6%

63.0%

1

0%

11.1%

11.1%

29.6%

18.1%

1
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Neutral

Agree

Strongly
agree

skipped

0%

22.2%

29.6%

25.9%

22.2%

1

0%

11.1%

29.6%

29.6%

29.6%

1

11.1%

33.3%

25.9%

18.5%

11.1%

1

0%

14.8%

29.6%

25.9%

29.6%

1

33.3%

33.3%

22.2%

11.1%

0%

1

0%

40.7%

25.9%

18.5%

14.8%

1

Strongly
disagree

Disagree

18. I know how to troubleshoot the following situations: (Troubleshoot)

Laptop loses the wireless
connection
Redirect to a printer other
than the default
Find a deleted file on a
computer
The computer freezes
Recover lost data after a
computer crashes
Navigate between windows
without a mouse

Disagree

Neutral

Agree

Strongly
agree

skipped

I am comfortable using
computers
I am good with computers
I would enjoy learning more
about computers

Strongly
disagree

19. Please indicate how much you agree or disagree with the following statements:

0%

0%

28.6%

21.4%

50.0%

0

0%

7.4%

37.0%

18.5%

37.0%

1

0%

0%

14.3%

32.1%

53.6%

0

20. Do you have any additional concerns regarding computer use?
No comments
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Appendix C Detail Results of Survey regarding Staff Computer Skills at Hospital B

2. Gender
Male
Female

Percent
19.2%
80.2%

Frequency
23
97

3. Age
< 25
26-30
31-35
36-40
41-45
46-50
51-55
56-60
> 60

Percent Frequency
1.8%
2
7.2%
8
13.5%
15
12.6%
14
16.2%
18
14.4%
16
14.4%
16
9.9%
11
9.9%
11
answered
111
skipped
10

4. Please indicate your ethnic background:
Percent
Frequency
African American
34.5%
41
Caucasian
60.5%
72
Hispanic; Latino
0.8%
1
Other
4.2%
5
answered
119
skipped
2
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Mean
SD

45.53
11.26

5. What is your highest level of education?
Percent
Frequency
Some High School
0.8%
1
High School Diploma/GED
25.0%
30
Associates Degree
35.0%
42
Bachelors Degree
12.5%
15
Masters/ Professional
0.8%
1
Degree
Doctoral Degree
2.5%
3
Other
5.8%
7
answered
120
skipped
1

6. What is your position at the facility?
Percent
RN
17.9%
Manager
13.7%
Therapist
11.1%
Radiologist
10.3%
CNA
8.5%
Financial Staff
6.8%
HIM Staff
6.0%
Office Staff
5.1%
MLT
4.3%
PA Representative
4.3%
LPN
2.6%
IT Staff
1.7%
Pharmacist
1.7%
MD/NP
0.9%
Other
5.1%
answered
skipped

Frequency
21
16
13
12
10
8
7
6
5
5
3
2
2
1
6
117
4
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7. Which unit or department do you work for?
Percent Frequency
Med/Surg
11.0%
13
Radiology
10.2%
12
Rehab/Respiratory
10.2%
12
ED
9.3%
11
HIM/IT
8.5%
10
Home Health/ Diabetes Center
8.5%
10
Fiscal Service
6.8%
8
Patient Access
6.8%
8
Administration
5.9%
7
Lab
5.9%
7
Pharmacy/ Social Work
4.2%
5
Other
12.7%
15
answered
118
skipped
3

8. Please indicate your work schedule:
Percent Frequency
Full Time
70.2%
85
Part Time
29.8%
36

9. How many years have you worked in healthcare?
Percent Frequency
< 1 year
0.8%
1
1-5 years
14.3%
17
6-10 years
21.8%
26
11-15 years
17.6%
21
16-20 years
14.3%
17
21-25 years
14.3%
17
> 25 years
16.8%
20
answered
119
skipped
2
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10. How many years have you worked at this facility?
Percent
Frequency
< 1 year
11.6%
14
1-5 years
44.6%
54
6-10 years
20.7%
25
11-15 years
9.1%
11
16-20 years
5.8%
7
21-25 years
5.8%
7
> 25 years
2.5%
3

11. Is using a computer a regular part of your current job?
Percent Frequency
Yes
95.8%
115
No
4.2%
5
answered
120
skipped
1

12. As part of your job, do you use any form of an Electronic Medical Records?
Percent
Frequency
Yes
62.9%
73
No
37.1%
43
Other
12.3%
9
Medication verification
4.1%
3
Quality report generation
12.3%
9
Electronic Medication Administration Record
13.7%
10
Incorporate clinical lab test results into EHR
19.2%
14
Computer provider order entry
38.4%
28
Electronic documentation
74.0%
54
answered
116
skipped
5
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13. How often do you use a computer?
Percent Frequency
Never
0%
0
Rarely
4.1%
5
Several times a month
0%
0
Once a week
0.8%
1
Few times a week
5.0%
6
Everyday
90.1%
109

14. How many hours a week do you use a computer?
Percent Frequency
Never
1.7%
2
1-5
14.4%
17
6-10
15.3%
18
10-20
16.1%
19
More than 20
52.5%
62
answered
118
skipped
3

15. How many years you have been using a computers?
Percent Frequency
Never
0.0%
0
Less than 1
1.7%
2
1-3
5.0%
6
4-9
9.2%
11
More than 9
84.0%
100
answered
119
skipped
2
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Safely turn the computer
on/off
Switch between open
windows
Copy, cut and paste text
Save files to a particular
folder
Rename the existing file
Move an existing file to
another location
Create tables, charts or
graphs

skipped

Strongly
agree

Agree

Neutral

Disagree

Strongly
disagree

16. I know how to perform the following tasks: (basic skills)

2.5%

0.8% 0.8%

14.0%

81.8% 0

1.7%

1.7% 5.0%

15.1%

76.5% 2

5.0%

6.7% 7.5%

15.0%

65.8% 1

6.7%

5.0% 9.2%

15.8%

63.3% 1

6.7%

5.0% 7.6%
13.4
6.7%
%
17.6
13.4%
%

16.0%

64.7% 2

16.0%

57.1% 2

17.6%

43.7% 2

6.7%
7.6%

Neutral

skipped

8.0%

6.2% 8.0%
11.6
11.6%
%

Strongly
agree

5.3%

Agree

Add a printer
Install software on a
personal computer
Find specific information
on the web
Send an email to more
than one person
Attach files to an email
message

Disagree

Strongly
disagree

17. I know how to do the following: (advanced skills)

36.3%

44.2%

29.5%

39.3%

8
9

1.8%

3.5% 4.4%

27.2%

63.2%

3.5%

0.9% 7.1%

20.4%

68.1%

5.3%

7.1%

11.5
%

15.0%

61.1%
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7
8
8

Disagree

Neutral

Agree

Strongly
agree

skipped

Laptop loses the wireless
connection
Redirect to a printer other
than the default
Find a deleted file on a
computer
The computer freezes
Recover lost data after a
computer crashes
Navigate between windows
without a mouse

Strongly
disagree

18. I know how to troubleshoot the following situations: (Troubleshoot)

7.3%

16.4%

14.5%

28.2%

33.6%

11

8.1%

12.6%

13.5%

23.4%

42.3%

10

9.8%

15.2%

25.9%

20.5%

28.6%

9

8.2%

13.6%

14.5%

34.5%

29.1%

11

17.9%

28.6%

27.7%

11.6%

14.3%

9

11.8%

22.7%

10.9%

26.4%

28.2%

11

Disagree

Neutral

Agree

Strongly
agree

skipped

I am comfortable using
computers
I am good with computers
I would enjoy learning more
about computers

Strongly
disagree

19. Please indicate how much you agree or disagree with the following statements:

3.5%

2.7%

8.8%

33.6%

51.3%

8

1.8%

7.1%

16.1%

35.7%

39.3%

9

1.8%

1.8%

11.5%

28.3%

56.6%

8
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20. Do you have any additional concerns regarding computer use?
Comments:
I just need to learn to use Office programs.
I'm not as good as nursing one, I would like to be
I only know limited Basics - I know enough to order tests and do my job in ER - need to
know more
Yes I need more learning with the computer
I am not sure of the capabilities of the hospital systems because it is not user friendly and
doesn't have all the functions of my personal computer.
Would love to know more
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Appendix D Detail Results of Survey regarding Staff Computer Skills at Hospital C
2. Gender
Male
Female

Percent Frequency
9.2%
7
90.8%
69

3. Age
< 25
26-30
31-35
36-40
41-45
46-50
51-55
56-60
> 60

Percent Frequency
10.7%
8
5.3%
4
10.7%
8
12.0%
9
13.3%
10
9.3%
7
17.3%
13
13.3%
10
8.0%
6
answered
75
skipped
1

4. Please indicate your ethnic background:
Percent Frequency
African American
1.3%
1
Asian
1.3%
1
Caucasian
93.4%
71
Hispanic; Latino
2.6%
2
Other
1.3%
1
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Mean
SD

44.41
12.42

5. What is your highest level of education?
Percent Frequency
High School Diploma/GED
22.4%
17
Associates Degree
47.4%
36
Bachelors Degree
17.1%
13
Masters/ Professional Degree
3.9%
3
Doctoral Degree
1.3%
1
Other
7.9%
6

6. What is your position at the facility?
Percent Frequency
RN
33.3%
25
Therapist
9.3%
7
MLT
8.0%
6
Staff
8.0%
6
CNA
6.7%
5
Manager
6.7%
5
Radiologic Technologist
6.7%
5
Coding Staff
4.0%
3
Control Desk
4.0%
3
Pharmacist
4.0%
3
Phlebotomist
4.0%
3
Legal Representatives/ PAR
2.7%
2
Accountant
1.3%
1
CRNA
1.3%
1
answered
75
skipped
1
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7. Which unit or department do you work for?
Percent Frequency
Med/Surg
28%
21
Lab
12%
9
Business Office
11%
8
Cardiopulmonary
7%
5
Radiology
7%
5
ED/CCU
5%
4
Medical Records (HIM)
5%
4
OR
5%
4
Outpatient/ Surgery
4%
3
Pharmacy
4%
3
Physical Therapy
4%
3
Fiscal Service
3%
2
Human Resource
3%
2
Anesthesia
1%
1
Quality Department
1%
1
answered
75
skipped
1

8. Please indicate your work schedule:
Percent Frequency
Full Time
78.7%
59
Part Time
21.3%
16
answered
75
skipped
1
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9. How many years have you worked in healthcare?
Percent Frequency
< 1 year
2.7%
2
1-5 years
20.0%
15
6-10 years
21.3%
16
11-15 years
13.3%
10
16-20 years
9.3%
7
21-25 years
10.7%
8
> 25 years
22.7%
17
answered
75
skipped
1

10. How many years have you worked at this facility?
Percent Frequency
< 1 year
18.4%
14
1-5 years
32.9%
25
6-10 years
25.0%
19
11-15 years
10.5%
8
16-20 years
6.6%
5
21-25 years
1.3%
1
> 25 years
5.3%
4

11. Is using a computer a regular part of your current job?
Percent Frequency
Yes
100.0%
76
No
0.0%
0
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12. As part of your job, do you use any form of an Electronic Medical Records?
Percent Frequency
Yes
84.0%
63
No
16.0%
12
Other
8.0%
6
Medication verification
6.7%
5
Quality report generation
6.7%
5
Coding Transactions
8.0%
6
Electronic Medication Administration Record
10.7%
8
Incorporate clinical lab test results into EHR
17.3%
13
Billing Transactions
21.3%
16
Computer provider order entry
33.3%
25
Electronic documentation
62.7%
47
answered
75
skipped
1

13. How often do you use a computer?
Percent Frequency
Never
0%
0
Rarely
0%
0
Several times a month
0%
0
Once a week
0%
0
Few times a week
2.6%
2
Everyday
97.4%
74

14. How many hours a week do you use a computer?
Percent Frequency
Never
1.3%
1
1-5
5.3%
4
6-10
17.1%
13
10-20
9.2%
7
> 20
67.1%
51
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15. How many years you have been using a computers?
Percent Frequency
Never
0.0%
0
Less than 1
0.0%
0
1-3
5.3%
4
4-9
18.4%
14
More than 9
76.3%
58

Disagree

Neutral

Agree

Strongly
agree

skipped

Safely turn the computer
on/off
Switch between open
windows
Copy, cut and paste text
Save files to a particular
folder
Rename the existing file
Move an existing file to
another location
Create tables, charts or
graphs

Strongly
disagree

16. I know how to perform the following tasks: (basic skills)

0.0%

0.0%

1.3%

14.7%

84.0%

1

1.3%

1.3%

6.7%

13.3%

77.3%

1

2.7%

6.8%

9.5%

13.5%

67.6%

2

1.3%

4.0%

9.3%

21.3%

64.0%

1

2.7%

5.4%

13.5%

16.2%

62.2%

2

8.0%

12.0%

12.0%

17.3%

50.7%

1

18.7%

10.7%

10.7%

25.3%

34.7%

1
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Disagree

Neutral

Agree

Strongly
agree

skipped

Add a printer
Install software on a personal
computer
Find specific information on
the web
Send an email to more than
one person
Attach files to an email
message

Strongly
disagree

17. I know how to do the following: (advanced skills)

9.2%

14.5%

17.1%

21.1%

38.2%

10.5%

10.5%

10.5%

34.2%

34.2%

0
0

0.0%

0.0%

1.3%

28.9%

69.7%

0.0%

1.3%

7.9%

23.7%

67.1%

3.9%

6.6%

15.8%

14.5%

59.2%

0
0
0

Disagree

Neutral

Agree

Strongly
agree

skipped

Laptop loses the wireless
connection
Redirect to a printer other
than the default
Find a deleted file on a
computer
The computer freezes
Recover lost data after a
computer crashes
Navigate between windows
without a mouse

Strongly
disagree

18. I know how to troubleshoot the following situations: (Troubleshoot)

9.3%

16.0%

12.0%

34.7%

28.0%

1

11.8%

28.9%

18.4%

22.4%

18.4%

1

6.7%

10.7%

20.0%

46.7%

16.0%

0

34.2%

43.4%

14.5%

5.3%

2.6%

1

14.5%

28.9%

19.7%

23.7%

13.2%

0

9.3%

16.0%

12.0%

34.7%

28.0%

0
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Disagree

Neutral

Agree

Strongly
agree

skipped

I am comfortable using
computers
I am good with computers
I would enjoy learning more
about computers

Strongly
disagree

19. Please indicate how much you agree or disagree with the following statements:

0.0%

1.3%

12.0%

32.0%

54.7%

1

1.3%

10.7%

17.3%

40.0%

30.7%

1

0.0%

3.9%

5.3%

31.6%

59.2%

0

Disagree

Neutral

Agree

Strongly
agree

skipped

When I'm unable to resolve a
computer problem myself, I
know how to contact the IT
help desk
After contacting the IT help
desk, my computer issues are
resolved in a timely manner

Strongly
disagree

20. Please indicate how much you agree or disagree with seeking IT help at the
facility?

2.6%

3.9%

10.5%

30.3%

52.6%

0

2.6%

3.9%

21.1%

30.3%

42.1%

1

21. Do you have any additional concerns regarding computer use?
Comments:
Would like to have a computer class to learn more
We need another IT employee
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Appendix E The Probes for Focus Groups Discussion Regarding Medication
Administration Process
What tasks in the “Empty Room” are going to be changed due to EHR implementation?
o How are nurses going to access the medication administration records (MARs)?
o How will the new system change the way records are reviewed and patient visits
are scheduled?
o How will the new system communicate with the med cart?
o When / how often does pharmacy stock inventory for med cart?
What tasks in the “Medication Room” are going to be changed due to EHR
implementation?
o Does the new system communicate with the med station?
o Will the new system impact the requirement of having a witness while preparing
certain medications? How?
o When / how often does pharmacy stock inventory for med station?
What tasks in the “Supply Room” are going to be changed due to EHR implementation?
o How will supplies be “checked out” of this room?
o If supplies brought to the Patient Room are not used, how are they handled?
What tasks in the “Patient Room” are going to be changed due to EHR implementation?
o Will the med cart be moved to the Patient Room for administering medications?
o Are nurses going to perform charting in the Patient Room?
o Is any barcode scanning system used with the new system?
o What if the patient is not ready for medications (e.g., patient is sleeping)?
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